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The natural environmental resources of air, water, soil, plant and 
animal life constitute the natural capital on which man depends to satisfy 
his needs to achieve his aspirations for development. The wise management 
of these resources demands positive and realistic planning that balances 
against the potential environment, for meeting them. That is the reason why 
decision-makers, scientists, social workers and even laymen are becoming 
increasingly conscious of a varieties of issues like global warming, ozone-
layer depletion, acid rain, famines draughts, floods, pollution of air, water 
and soils, problems from hazardous chemicals etc. all having a cumulative, 
disastrous and adverse effects on the human environment. 
The use of pesticides, well known in controlling pests and diseases 
and for increased agricultural production hardly need to be emphasized. The 
pesticides reach the soil either as fall out from foliar spraying or as dusts 
from plants which later get incorporated into the soils. Ultimately the soil 
becomes an environmental reservoir for the residue from which they move 
into the atmosphere, water or living organisms. Pesticides, by and large, 
used to control targeted pests, also kill useful plants and other micro-
organisms thus, disturbing the ecological balance. Their indiscriminate use 
also pose a great threat to man and environment. Various physico-chemical 
phenomena operating in its movement and adsorption. Considerable amount 
of work has been done on the adsorption and movement of pesticides in 
soils. The environmental fate of pesticides depends on the interaction 
between pesticide molecules and the soil complex. These interactions 
influence the efficacy of pesticides and their ultimate fate in the 
environment. The Environmental Protection Agency (EPA) has proposed 
guidelines for registration of pesticides requiring adsorption and movement 
studies of pesticides with certain uses, because adsorption affects the 
effective pesticidal action, persistence and degradation, movement, 
leachability and translocation of pesticides in soils. There are reports 
showing the probability of ground water being polluted by transporting of 
pesticides. 
The subject of the thesis entitled "Studies on Interaction of 
Pesticides and Related Compounds in Soil Environment" has been divided 
for the sake of convenience, into following seven chapters. 
(1) General introduction 
(2) Effect of cationic, non-ionic and anionic surfactants on the adsorption 
of carbofuran on three different types of Indian soils. 
(3) Effect of cationic, non-ionic and anionic surfactants on the adsorption 
of endosulfan on three different types of Indian soils. 
(4) Effect of water flux, organic matter, pH and cosolvents on the 
movement of pesticides in soils. 
(5) Evaluation of the effect of surfactants on the movement of pesticides 
in soils using a soil thin-layer chromatography technique. 
(6) Effect of water flux, organic matter, pH and cosolvents on the 
movement of synthetic pyrethroids in soils. 
(7) Evaluation of the effect of surfactants on the movement of synthetic 
pyrethroids in soils using a soil thin-layer chromatography technique. 
The first chapter is general introduction covering the background 
of the work presented in this thesis. 
The second chapter contains the studies on adsorption of 
carbofuran in aqueous surfactant- free and surfactant (cationic, non-ionic 
and anionic) solutions of different critical micellar concentration (1/2 CMC, 
CMC and 2 x CMC) on three different types of Indian soils, studied by 
batch shake technique. The measured equilibrium adsorption isotherms for 
the surfactant-free and surfactant-soil -water systems at different critical 
micellar concentrations were S-shaped and in close agreement to the 
Freundlich isotherms. Higher adsorption of carbofuran in both systems 
was observed on silt loam soil followed by loam and sandy loam soils and 
was anticipated by the values obtained for the Freundlich constant, K, and 
partition coefficient, K^. The values of K and K^ obtained also confirmed 
that the adsorption of carbofuran in aqueous surfactant solutions followed 
the order: cationic > non-ionic > anionic at all CMC values studied. The 
affinity of carbofuran towards organic matter and the clay content of the 
soils was evaluated by calculating the K^ ,^  and K^ values, when it was found 
that carbofuran adsorption was better correlpted with the clay content than 
with the organic matter content. The predicted log K^^  values were also 
obtained from the aqueous solubility, 1 -octanol / water partition coefficient 
(K ), adsorbability index (AI) and first-order molecular connectivity index 
Cx) of carbofuran. Use of the aqueous solubili ty and the 
1-octanol/water partition coefficient O^^J of carbofuran to predict the 
adsorption gave values with considerable error in comparison with those 
measured experimentally, whereas the use of the adsorbability index (AI) 
and first-order molecular connectivity index ('x) for carbofuran, improved 
the predictions considerably. The results obtained are interesting in that 
they afford basic data resulting to the possible use of surfactants for solving 
problems of soil contamiantion by carbofuran. 
Third chapter deals with investigation of adsorption behaviour of 
endosulfan by batch shake technique in surfactant- free and surfactant 
(cationic, non-ionic and anionic) aqueous solutions of different critical 
micelle concentration (1/2 CMC, CMC and 2 x CMC) on three different 
Indian soils varying in physico-chemical and mineralogical composition. 
The measured equilibrium adsorption isotherms for surfactant-free and 
surfactant-soil-water systems at different critical miccellar concentrations 
were S-shaped and in close agreement with Freundlich isotherms. Higher 
adsorption of endosulfan in both systems was observed on silt loam soil 
followed by loam and sandy loam soils and was anticipated with Freundlich 
constant, K, and partition coefficient, K,,,. values. The K and K^ values also 
confirmed that endosulfan adsorption in aqueous surfactant solutions 
followed the order: cationic > non-ionic > anionic at all CMCs studied. 
The affinity of endosulfan towards the organic matter and the clay content 
of the soils was evaluated by calculating the K and K^ values and it was 
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found that endosulfan adsorption was better correlated with the clay content 
than the organic matter content. The predicted log K^ _^  values were also 
calculated by using aqueous solubility, 1-octanol/water partition coefficient 
(K^J, adsorbability index (AI) and first- order molecular connectivity index 
('x)of endosulfan. The use of 1-octanol/water partition coefficient (K ) 
of endosulfan to predict adsorption gave values with considerable error in 
comparison with those measured experimentally, but using aqueous 
solubility, adsorbability index (AI) and first- order molecular connectivity 
index ('x) of endosulfan, the predictions were improved considerably. The 
results obtained are interesting in the sense that they afford basic data for 
the possible use of surfactants for solving problems of soils contamination 
posed by endosulfan. 
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In the fourth chapter the effect of water/cosolvent flux, organic 
matter, pH and cosolvents (acetone and methanol) on the movement of three 
pesticides (carbofuran. chlorpyrifos and endosulfan) in three different types 
of soils (sandy loam, loam and silt loam) was studied by using a soil thin-
layer chromatographic technique. The movement of the pesticides was 
expressed in terms of R^ ^^ , R^^ R^ and R,^  values. In pure water and cosolvent 
systems, the flux/penetrability was increased by reducing the plate angle. 
Movement of pesticides was higher in sandy loam soil followed by loam 
and silt loam soils. Removal of organic matter from the soils increases the 
movement of pesticides. The movement of all the three pesticides studied 
was higher in alkaline leachates followed by neutral and acidic leachates. 
With the increase in the volume fractions of both the cosolvents, the 
movement increases. The movement of pesticides in soils was discussed 
on the basis of their solubilities in water and cosolvents, polarities, 
adsorption and solute-solvent interactions. 
Fifth chapter deals with the effect of different concentration 
(1/2 CMC, at CMC and 2 x CMC) of surfactants, cetyl trimethyl ammonium 
bromide (cationic), sodium dodecyl sulphate (anionic) and Tween '20' 
(non-ionic) on the movement of carbofuran, chlorpyrifos and endosulfan 
in soils was evaluated by using a soils thin-layer chromatographic technique. 
The movement of pesticides was detected by spray reagents and expressed 
in terms of R^^ , R ,^ R^^ and R^ values. The penetrability, K, was found to 
increase by decreasing the plate angle and followed the order as: sandy loam 
> loam > silt laom soils. The penetrability, K, also decreased in surfactant-
free and surfactant ammended soils when developed in distilled water and 
aqueous surfactant solutions of different CMC values, respectively. The 
higher movement of pesticides was observed in sandy loam soil followed 
by loam and silt loam soils. On the basis of R^ . values, the movement of 
pesticides followed the order : carbofuran > chlorpyrifos > endosulfan, 
both in surfactant ammended and surfactant-free soils when developed in 
distilled water and aqueous surfactant solutions of different CMCs. The 
movement is directly proportional to the aqueous solubilities, polarities 
and carbon numbers and inversely related to the molecular weights of 
pesticides. A significant increase or decrease of pesticides movement in 
soils was discussed on the basis of adsorption of pesticides on soils, 
chemical nature of the surfactants and its concentrations in terms of critical 
micelle concentrations (CMCs) in soils and eluents. The results obtained 
may provide insights pertains to the use of surfactants for solving soil 
pollution problems posed by pesticides. 
Sixth chapter describes the effect of organic matter, pH, and 
organic cosolvents (acetone and methanol) on the movement of three 
synthetic pyrethroids (cypermethrin, deltamethrin and fenvalerate) in three 
different types of Indian (sandy loam, loam and silt loam) soils by using a 
soil thin-layer chromatographic technique. The movement of pyrethroids 
was expressed in terms of R^p, R^ R3 and R^ values. In pure water systems 
the pyrethroids were strongly hydrophobically adsorbed and gave little 
movement. Movement of pyrethroids was higher in sandy loam soil followed 
by loam and silt loam soils. Removal of organic matter from the soils 
increased the movement of pyrethroids. The movement of all the three 
pyrethroids studied was higher in alkaline leachates followed by neutral 
and acidic leachates. With the increase of volume fractions of both the 
organic cosolvents (acetone and methanol), the movement increased. The 
variation in movement of pyrethroids in soils has been discussed on the 
basis of their solubilities in water and cosolvents, polarities, adsorption 
and solute-solvent interactions. 
In the seventh chapter the effect of different critical micelle 
concentrations (1/2 CMC, at CMC and 2 x CMC) of surfactants, cetyl 
trimethyl ammonium bromide (cationic), sodium dodecyl sulphate (anionic) 
and Tween '20' (non-ionic) on the movement of synthetic pyrethroids 
(cypermethrin, deltamethrin and fenvalerate) in soils by using soil thin-
layer chromatographic technique is reported. The penetrability, K, increased 
by decreasing the plate angle and followed the order: sandy loam > loam > 
silt laom soil. The penetrability, K, also decreased in surfactant free and 
surfactant ammended soils, when developed in aqueous surfactant solutions 
of different CMCs and was greater in sandy loam soils followed by loam 
and silt loam soils. On the basis of Revalues, the movement of pyrethroids 
followed the order; fenvalerate > cypermethrin > deltamethrin, both in 
surfactant ammended and surfactant free soils, when developed in distilled 
water and aqueous surfactant solutions of different CMCs. The movement 
was directly proportional to the aqueous solubilities and inversely to the 
polarities of pyrethroids. The results are discussed on the basis of adsorption 
of pyrethroids on soils, chemical nature of the surfactants and their 
concentrations in terms of critical micelle concentrations (CMCs) in soils 
and eluents. 
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Chapter-I 
OE(MEI^^L fi[NlTR©Oy©TD©l 
1.1. INTRODUCTION 
Before two and a half millions years, when man started his life, 
he simply utilized a small portion of God-gifted natural resources. As his 
number increased and his culture and technology became advanced, he 
modified the natural system into an artificial and highly productive system 
to get more energy and more nutrient sources and it resulted in the 
production of more by-products and wastes which naturally mixed up in the 
nature gradually. This enormous exploitation of natural resources and 
gigantic and unmanageable amount of by-products has resulted in today's 
environmental crisis which has endangered not only human existence but 
the earth as well. 
Presently the world population stands at more than 6 billion, but 
what is more alarming is the high growth rate of more than 2 %. This increase 
contribute more than 200,000 people to the world population daily. To feed 
16 billion humans as predicted by demographers for the year 2100, 
significant increase in the food production will be required [1]. With the 
resources of land, energy and water that are available today, these increases 
appear to be doubtful. 
Moreover, all crops and livestock are attacked by pests and the 
resulting losses are high. World crops losses to pests are estimated to be 
about 35% [2]. When post harvested losses are added to preharvested losses, 
world wide food losses due to pests are estimated to about 45%. 
So, today's problem is not so much of the oil crisis, the economic 
recession, the discussions on nuclear power, the conflicts between different 
social systems or the armament race, but, the main problem of our days is 
to guarantee the food for mankind. This can be achieved by a bundle of 
measures. One important tool is the use of agrochemicals including 
pesticides in agriculture. 
The requirement of agrochemicals is increasing day by day on account 
of increased demand of food supply and to protect the crops from various 
diseases and pests. Among the agrochemicals, pesticides constitute an 
important component in the majority of the countries of the world. 
In many countries pesticides have become the chief weapon of 
plant protection against pests and diseases. They have enhanced the 
production of food, fodder and fibre not only in great quantity but better 
quality as well. In addition to their contribution to a substantial growth of 
food, pesticides have freed human beings from contagious diseases to a 
degree impossible to imagine in the past. If we want to sustain or increase 
the current level of food production, further use of pesticides will be a 
must . On contrary, however, it is known that the use of pesticides may 
create toxicity problems to environment. While destroying insects, for 
example, they may also be harmful to plants, animals and even humans. Toxic 
properties of these chemical substances in large doses were well known in 
the past and efforts were made not to expose people unnecessary to them. 
We are now aware of the fact that a long and permanent exposure to a small 
dose of toxic substances is ver>' dangerous to humans. The development of 
environmental sciences and growing criticism of a massive use of chemical 
substances have changed the formed attitude to pesticides and has led to a 
more careful and balanced approach to them, increasingly based on solid 
knowledge and observations. 
The chemical crop protection is indeed a profit induced poisoning 
of the environment. In order to provide awareness about the hazards of 
pesticides, many books [3-11] and reviews [12-19] have been published 
and symposia [20-22] have been organised on the subject as a warning of 
the potential hazards. The First book written on this subject was "Silent 
Spring" by Rachel Carson [23], an American journalist. She condemned the 
use of insecticides down to the earth. She gave many examples when use of 
insecticides, particularly DDT, had ruined the wild life. The theme of her 
book is that although spring has come, the chirping, hustling and bustling in 
the forests is missing because insecticides has destroyed the wild life. This 
publication w as followed by many books on the pesticides giving practical 
information on the assessment of the pesticide hazards. Two of these to 
mention especially are: " Hazards Assessment of Chemical " by Saxena and 
Fisher [10] and " A Growing Problem- The Pesticide and Third World Poor" 
by David Bull [11]. Various articles published in news papers from time to 
time also direct to the seriousness of the problem. 
According to the International Development Research Centre 
(IDRC) [24]. about 10.000 people die of pesticide poisoning ever>'year in 
the Third World. A report of an Ottawa based research centre estimates 
that there are probably 750.000 cases of pesticide poisoning all over the 
world, resulting annually in about 14000 deaths. Of these roughly 375,000 
cases occur in the third world claiming about 10000 lives every year. 
Quoting in one of the article W.H.O. reports in this context, the IDRC 
pointed out that half of the pesticide poisoning cases and about 73% of all 
deaths occurring from sub - poisoning take place in the developing 
countries. These, however, account for only 15% of total consumption of 
pesticides. This is further supported by the recent tragedy at Bhopal (MP. 
India), where about 2,500 people have been reported to have died due to 
the leakage of methyl isocynide (MIC) gas, an intermediate product used in 
the manufacturing of Sevin, from the Union Carbide Plant and several 
thousands have been seriously affected . All these facts point toward 
indiscriminate use and lack of awareness about the hazardous side effects 
of the pesticides. Most of these pesticide have been reported carcinogenic 
in nature and their long term effects on health include cancers, congenital 
disorder, sterility and debility. 
Although much has been said in favour and against the pesticides 
since publication of the "Silent Spring" and although pesticides have stayed, 
and stayed on firm footing, the world is awakened to the fact that these 
chemicals, though useful in controlling insects and diseases, have their 
harmful effects too, both on wild life and human health, and therefore, they 
should be used cautiously and only wherever absolutely essential. Despite 
all these arguments not favouring the use of pesticides, their use can not be 
abandoned. 
Although several alternative methods to control pest and diseases have 
been suggested but where pest population reaches to a very high dimensions, 
pesticides have to be used. This is a dilemma with regard to the use of 
pesticides. But it is true that we need to use more pesticides to grow more 
food in the coming years and at the same time we must be careful about the 
impact of pesticides on human being, animals and the environment. So there 
is a need of proper planning for the use of pesticides. 
The pesticides are commonly characterized on the basis of targeted 
group of organisms The chemicals used for control of insects, herbs, weeds, 
fungi, nematodes, algae, bacteria, rats and fishes are called insecticides, 
herbicides, weedicides, fungicides, nematicides. algicides, bactericides, 
rodenticides and piscicides, respectively. 
The use of pesticide is not new. As long as 79 A.D., Pliny recommended 
arsenic as an insecticide. The use of pesticides was practiced by ancient 
men also, e.g. ancient Romans used "Tar" as a pesticide. About two and a 
half centuries back i.e. in the year 1763. nicotine (from the extract of 
tobacco leaves) was used for the first time as an insecticide for control of 
aphids. In 1818 A.D., Pyiethrum (extract from the flower heads of a species 
of Cry'santhemum) was introduced. In 1865 A.D.. Paris green was developed 
for the control of Colorado potato beetles. In 1886 A.D., arsenic containing 
pesticides were discovered. It was at the end of nineteenth century that the 
"first generation pesticides" such as lead arsenate, selenium compounds and 
several thiocyanates, came into existence. The second world war brought 
about the emergence of what came to be known as second generation 
pesticide. It was around 1940 that two important groups of synthetic 
pesticides emerged. These were the organochlorine and organophosphorus 
compounds. 
Pesticides can be grouped in various ways, viz.. according to the 
mode of entr\ ( stomach poisons, contact poisons and fumigants). their mode 
of action (ph\ siological poisons, protoplasmic poisons, respiratory poisons 
and nerve poisons) oi according to their chemical composition. As a 
pesticide ma\ enter and act in a pest body by more than one way, it may be 
desnable to group them according to their chemical nature. 
Chemically, pesticides can be classified as: 
(1) Elements, such as sulphur, phosphorus, thallium, mercury; 
(2) Inorganic pesticides 
(3) Organic pesticides 
(4) Poisonous gases such as hydrogen cyanide, ethylene dichloride, 
carbontetrachloride, methyl bromide, phosphine etc. 
1.2. CLASSES OF PESTICIDES: 
Generally the pesticides are classified into two broad groups, viz., 
(1) Inorganic Pesticides 
(2) Organic Pesticides 
1.2.1. Inorganic Pesticides: 
Several inorganic compounds containing arsenic, lead, copper, 
antimony, boron, fluorine, mercury, manganese, selenium, sulphur, 
thallium, and zinc are known as inorganic pesticides. Some well known 
inorganic pesticides are: 
(i) Arsenic compounds such as paris green [(CH3COO)2Cu.3Cu(AS02)2], 
basic copper arsenate [Cu(CuO.HAsO^)], lead arsenate [Pb3(AsO^)J, 
lead hydroxy arsenate [Pb^ (PbOH)(AsO^)H20], calcium arsenate such 
as tr icalcium arsenate [Ca3(AsO_,)2], basic calcium arsenate 
[Ca,(AsO^2 C^ (0H)2], calcium hydrogen arsenate [ CaHAsOJ. 
(ii) Fluorine compounds such as calcium fluosilicate [CaSiF^.2H,0]. 
sodium fluosilicate [Na2SiFJ, barium fluosilicate[BaSiFJ, magenesium 
fluosilicate [MgSiF^ .6H2O]. 
(iii) Mercury compounds such as mercuric chloride [HgCl2] mercurous 
chloride [HgCl]. 
(iv) Boron compound such as borax [Na2B20J and boric acid [ H^BO,]. 
These inorganic pesticides are known to cause wide variety of harmful 
effects both on animals and plants. Arsenical poisons and boron cause 
mutations in the reproductive parts of plants causing semi- permanent 
sterility while copper ions react with enzymes having reactive sulphydryl 
groups, which explains their toxicit>' to all forms of plant life. Many enzymes 
containing calcium, iron and magnesium are inhibited by fluorine ions 
Accumulation of lead in the body causes coagulation of body protein, 
disrupting serioush the metabolic activities . It is also mutagenic when 
accumulated in body tissues . Mercur>' causes severe illness, blurred vision. 
headache and abnormalities not only person exposed but also in the next 
generation to come . Zinc accumulation results in the disintegration of liver, 
kidney and heart. Hea\y' concentrations of these inorganic pesticides in 
the soil result in various kinds of phytotoxicity in crop plants, reducing 
their reproductivity and often resulting in their death. 
1.2.2. Organic pesticides : 
The era of organic pesticides began in 1939 [25] when the first 
wonder pesticide dichloro diphenyl trichloroethane (DDT) was discovered 
Although it was synthesized in 1874 by Zielder, its insecticidal properties 
were discovered by Muller in 1939 and for this work Muller was awarded 
Noble Prize in 1948. This was soon followed by benzene hexa chloride 
(BHC). Since then thousands of compounds have been synthesized and 
tested for their pesticidal properties. 
Organic pesticides ha\ e been grouped as: 
(i) Organohalogenated pesticides 
(ii) Organophosphorus and sulphur containing pesticides 
(lii) Organocarbamate pesticides 
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(iv) Synthetic pyrethroids 
(v) Miscellaneous pesticides. 
1.2.2.1. Organohalogenated Pesticides: 
Several organochlorinated pesticides such as aldrin, DDT, BHC, 
chlordane, lindane, heptachlor and toxaphen etc. have been used for crop 
protection. They belong to the following subgroups: 
(i) Diphenyl aliphatics- having an aliphatic or straight carbon chain v^ith 
two (di)phenyl rings attached e.g. DDT, DDD or TDE, chlorobenzilate, 
dicofol, perthane, and methoxychlor. 
(li) Chlorinated benzene ring structure- e.g. BHC and lindane. 
(iii) Cyclodienes- having three dimensional structures with active 
streoisomers e.g., aldrin, dieldrin, endrin endosulfan, heptachlor, 
kepnene. and mivex. 
(iv) Polychloroterpenes- e.g., strobane, and toxaphene. 
These pesticides are toxic to insects and other orthopodes even at a 
very low dose. The cost is low because of their high persistency. A few 
annual treatment are necessary to maintain pests at low levels. These 
compounds tend to accumulate in food chains due to their high fat 
solubilities. All these compounds are poorly soluble in water but well 
soluble in organic solvents including fat. 
1.2.2.2. Organophosphorus and Sulphur Containing Pesticides: 
Organohalogenated pesticides, due to their high persistency and toxic 
degradation products, have been replaced by organophosphorus and 
carbamate pesticides The organophosphorus pesticides have two distinctive 
features. First, they are generally more toxic to vertebrates than the 
organohalogenated pesticides, and secondly they are chemically unstable 
or non-persistent. Their properties have made them more popular for 
orchards and kitchen gardens. They have been classified in to three 
subgroups. 
(i) Aliphatics- having open chain molecules e.g. azodrin, bidrin, DDVP, 
dimecron. disulphoton, dylex, ekatin, malathion, metasystox, phosdrin, 
rogor, and TEPP. 
(ii) Aryls- having one or more pheny rings in the molecules e.g. crufomte, 
gardona, folithion, parathion methyl, and ronnel. 
(ill) Heterocyclics-having oxygen nitrogen or phosphorus included in the 
rings e.g. azinon, diazinon, dersaban and guthion. 
These pesticides have wide range of toxicity. They are known to inhibit 
the activity of enzymes, acetylcholin-esterase (AChE) and often called 
Anticholonesterase in insects. During the course of their action they result 
in excessive sweatening headache, giddiness, blurred vision and muscular 
weakness. They also bring about destruction of myelin sheaths of spinal 
nerves. High doses lead to rapid paralysis and even death. 
1.2.2.3 Organocarbamate Pesticides: 
Carbamates belong to a new and comparatively small group of 
pesticides of growing utility. They bridge the gap between the persistent 
organochlorine and short lived but excessively toxic organophosphorus 
pesticides. The first carbamate insecticide carbaryl was introduced in 1953. 
This group includes highly effective systemic pesticides such as aldicarb, 
baygon, carbofuran. lannate and ox myl. The mode of action of carbamates 
is similar to that of organophosphorus pesticides. 
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1.2.2.4. Synthetic Pyrethroids: 
The natural pyrethrins derived from flowers of Chrysanthemum 
cmerariesfulium have been known to be toxic to insects, and of low toxicity 
to mammals for over a hundred years. More specifically, natural pyrethrins 
are known to produce quick paralytic effect (Knock-down) on flying insects 
and have been widely used as a domestic insecticide. But these desirable 
properties could not be exploited in agriculture due to the products's inherent 
high cost and lack of photostability. Pioneering research on the chemical 
nature of the phyrethrum extract was conducted by Standinger and Ruzicka 
in Switzerland and Yamamoto in Japan in the early part of the 20th century 
and they established four different molecules, Pyrethrins I and II and 
Cinerins 1 and II as its constituents. Further research on the insecticidal 
action of these constituents resulted in the discovery of Allethrin by 
La Forge in 1949, the first commercial synthetic pyrethroid. Even though 
Allethrin had limited insecticidal properties, its discovery gave research 
workers more confidence to achieve useful structural modifications in the 
product. But progress in this direction was rather slow until 1965 when 
Tetramethrin was introduced by Sumitomo Chemical Co. in Japan. It was 
soon followed in 1967 by another pyrethroid, called Resmethrin announced 
by Dr. Michael Elliott and his collaborators at Rothamstead Experimental 
Station, U.K. This product was also not very stable in the open environment, 
necessitating research for synthesising more stable compounds, which led 
to the discovery of Permethrin by Elliott in 1973 and about the same time 
Fenvalerate by Sumitomo Chemical Co. Japan. Both Permethrin and 
Fenvalerate were photostable coupled with high insecticidal activity and 
low mammalian toxicity. This discovery encouraged more research, resulting 
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in the development by Elliott of a further refinement in permethrin by 
incorporation of cyano substituent on the benzyl carbon to give a newer 
product, viz. Cypermethrin as also Deltamethrin. Thus, four commercial 
synthetic pyrethroids namely permethrin. fenvalerate, cypermethrin and 
deltamethrin came in the market as the fourth generation pesticides. 
Chemically, these four products are esters of 3-Phenoxy benzye alcohol 
with either cyclopropyl carboxilic or chlorophenyl butyric acid. 
1.2.2.5. Miscellaneous Pesticides: 
Search and synthesis of new pesticides have always been in 
consideration and every time more and more pesticides are listed which do 
not fall in any of the above categories. To cite a few are formamidines, 
amitraz. and chlorodimeform, thiocyanates . lethane 384, thanite 
dinitrophenol. DNOC, dinocap, organotins. plictran, rotenones, triazines, 
amitrole, bavistin. simazine, 2,4-D, 2,4,5-T, nemagon, telone, DD mixture 
andEDB. 
These compounds also have slow deleterious effect on health of crops, 
soil organisms and human beings. When these compounds are applied to 
soil or on standing crops, they are adsorbed and move to a certain depth in 
soil depending upon various soil properties and may pollute sub- soil water 
besides being adsorbed by soil particles. 
1.3 FATE OF PESTICIDES: 
Pesticides, by and large, applied on plants reaches the soil either as 
fallout from foliar spraying or as dusts which later get incorporated into 
the soil. Ultimately the soil becomes an environmental reservoir for these 
chemicals. Sannino e/ al. [26] and Cramer ei a/.[27] provided useful 
informations for predii ting the behaviour of pesticides when entered into 
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soil. Pesticides are subjected to following fates: 
(i) Pesticides may vapourize into atmosphere without chemical change. 
(ii) They may be adsorbed by soil. 
(iii) They may move downward through the soil in liquid or solution form 
and may be lost from the soils by leaching, 
(iv) They may undergo chemical reaction within or on the surface of soil, 
(v) They may be broken down or degraded by soil microorganisms. 
1.4. REVIEW OF LITERATURE 
1.4.1. Adsorption: 
Adsorption is the attraction and repulsion phenomenon at soil 
surface and exert the most profound influence on several processes 
operating to determine the fate and behaviour of pesticides in soil. It governs 
the relative availability of a pesticide, its volatilization, physical distribution, 
breakdown, biological activity and even its suceptibility to microbial 
metabolism. The adsorption depends upon the nature and properties of the 
pesticide such as acidity (pKJ, basicity (pK^^), solubility, shape and 
configuration, charge distribution, polarity of molecule, molecular size and 
polarizabiIit> and its concentration in the solvent. The literature on this 
aspect has been reviewed by Bailey and White [28] and Cheng [29]. 
Several workers [28-81] have reported that the extent of 
adsorption of pesticides on soils depends upon the clay content, organic 
matter content, cation exchange capacity (CEC), pH, moisture, exchangeable 
cations, temperature and other environmental conditions. 
Organic matter exerts the most profound influence on several 
processes operating to determine the fate of pesticides in soil. Steveson 
[82] pointed out that information on the nature of organic matter-pesticide 
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interactions may provide a more rational basis for their effective use, 
thereby reducing undesirable side effects due to carry- over and 
contamination of the environment. However, a proper understanding of the 
precise nature of these interactions is hindered due to the complexity of 
organic matter and the numerous other interactions in the soil environment, 
all operating simultaneously. In recent years careful studies with simplified 
systems involving well defined organic matter components have lead to the 
elucidation of some of the mechanisms of interactions between the soil 
organic matter and adsorption. The merits of using organic matter 
components, such as humic acid (HA) and fulvic acid (FA), are that : 
(i) They can be readily extracted from soil and organic matter relatively 
in pure form, 
(ii) They have been thoroughly characterized by various techniques and 
(iii) They are the major and common constituents of soil organic matter. 
A limitation that needs to be considered in organic matter pesticide 
interactions is that in most mineral soils, organic matter and clay minerals 
are intimately associated in the form of clay-organic matter complexes. 
Thus, organic matter may not function as a separate entity and its relative 
contribution in pesticide adsorption will depend upon the extent to which 
the clay is coated with organic matter [82]. However, it should be realized 
that the association of organic matter with clay still provides and organic 
surface for adsorption [82]. 
The texture and structure of soils also play a very important role. 
The clay fraction of soil has been reviewed by Rich and Thomas [83]. The 
soils having two layer clay mineral i.e. kaolinite, three layer clay minerals, 
montmorillonite, illite or hvdrated aluminium and iron oxide surfaces of 
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oxygen atoms or OH groups are available for adsorption including hydrogen 
bonding. The clays are generally negatively charged and have exchangeable 
cations such as H", Na"^  and Ca^ "^  on their exterior surfaces (two layer 
minerals) or their exterior or interior surface (three layer minerals). 
Montmorillonite clays have higher surface area and cation exchange 
capacities followed by illite and kaolinite. All these clays adsorb organic 
cations strongly [84- 85]. Clay minerals probably do not adsorb anions by 
anion exchange. The layer of OH - groups of kaolinite are not exchangeable 
and number of the layer of edge OH- groups for kaolini te and 
montmorillonite is small. Hydrated Al and Fe oxides associated with clay 
are probably responsible for adsorption of anions by anion exchange. 
There are two type of adsorption i.e. physical adsorption, 
(Van der Waal's adsorption) and chemical adsorption. Physical adsorption 
is due to orientation of dipole-dipole interactions, polarization or induce 
dipole interactions in addition to born repulsion interactions. It is generally 
reversible adsorption and occurs with non-ionic pesticides which involves 
several layers and low binding strength while chemical adsorption is due to 
the columbic forces and result from the bond formation between the 
adsorbent and adsorbate and occurs with cationic and anionic pesticides. It 
involves high binding strenghts. Although several layers may be present, 
only the first layer is chemically bonded to surface. H-bonding is 
intermediate between physical and chemical adsorption. 
Hartley [86] reported that solution of organic chemicals in oily 
constituents of the soil organic matter also occurs. Negative, selective and 
preferential adsorption have been observed [87-88]. 
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1.4.1.1. Effect of Cosolvents on the Adsorption of Pesticides: 
Most of the existing data on adsorption of pesticides on soils 
and other adsorbents deal with aqueous solution [89-98] However, in natural 
environment it is likely that pesticide adsorption on soils could occur in 
mixture of water and organic solvents because under waste disposal and 
land tieatment sites, the soil solution may consist of a mixture of water 
and various miscible solvent Keeping this m view Rao et al [99] proposed 
the cosolvent theory and they described the adsorption of hydrophobic 
oiganic compound on soil Recently, this theory has been applied to the 
adsorption of se\eial pesticides having moderate and intermediate 
h\ drophobicit\ [ 100-107] using methanol and acetone as cosolvents 
1.4.1.2. Effect of Surfactants on the Adsorption of Pesticides: 
Several reseaichers [108-112] have reported that aqueous surfactant 
solutions have the ability to solubilize hydrophobic organic compounds 
(HOCs) This phenomenon is the basis for the suggested use of surfactants 
as solubilizing agents for chemical and biological remediation of 
contaminated soils and pump-and-treat operations or soil washing operations 
[113-115] Addition of surfactants to spray solutions in greater amounts 
than traditional formulations has been found to enhance the foliar activity 
of pesticides / herbicides [116-118] They are also used to improve water 
infiltiation in watei lepellent soils [119] 
The word surfactant is a contraction of the descriptive phrase "surface 
active agents" A suifactant molecule is amphiphilic, haMng two distinct 
structuial moieties, one polar and other nonpolar The polar moiety of the 
molecule has an affinity for water and other polar substances, while the 
non- polar moiet\ is h\drophobic The polar and non polar moieties of a 
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surfactant molecule are referred as head and tail group, respectively. 
Surfactants are classified according to the nature of the hydrophilic portion 
of the molecule. The head group may carry a negative charge (anionic), a 
positive charge (cationic), both positive and negative charge (zwitterionic) 
or no charge (nonionic). The differences in the chemistry of surfactants 
due to the nature of hydrophobic tails (degree of branching, carbon number 
and aromaticity) are usually less pronounced than those due to hydrophilic 
head groups. 
A unique phenomenon of surfactants is the self assembly of molecules 
in to dynamic clusters is called micelles. The surfactant concentration at 
which monomers begin to assemble in to ordered, colloidal aggregates is 
termed as critical micelle concentration (CMC). The CMC represent a 
narrow concentration range over which the partial derivatives with respect 
to surfactant concentration of many solution properties, e.g., surface 
tension, display abrupt changes in value [120]. In micelle forming solutions, 
the CMC approximates monomeric solubility. At surfactant concentrations 
greater than the CMC, additional surfactant is incorporated in to the bulk 
solution through micelle formation [121]. The average number of surfactant 
molecules in a micelle is called aggregation number. 
Incorporation of nonionic organic compounds into micelles , 
resulting in an increased "apparent" solubility, has been observed by several 
researchers [108,110-122-125]. Kile and Chiou [108] have shown the 
solubility enhancement of HOCs by some surfactants below and above CMC. 
Valsaraj and Thibodeaux [110] related the partition coefficients between 
micelles and water for some hydrophobic nonpolar chemicals to their 
octanol- water partition coefficients. 
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The literature includes abundant references to the high HOC dissolving 
power of surfactants at levels above their CMC [108,124.126]. At such 
levels, surfactant molecules form micelles [ 127] which are clusters with a 
hydrophobic core consisting of hydrocarbon chains. The intrinsic 
hydrophobic energy of the surfactant is driving force of micelle formation 
and the hydrophobic core endows it with ability to dissolve many organic 
compounds that are scarcely soluble or even completely soluble in water. 
There are also some references to the influence of various surfactants 
on the adsorption of organic compounds in general [128-130] and pesticides 
in particular [51,131]. However, there are comparatively few reports on the 
influence of the presence of surfactants on pesticides mobility in soils not-
with-standing the fact that both types of compounds can frequently coexist 
in soils and new technologies are required to avoid or remedy the polluting 
effects of pesticides. 
There is currently a growing interest on the behaviour of surfactants 
in soil and their effects on the behaviour of other organic compounds. 
Research in this direction has two fold purpose namely; 
(a) To determine how the mobility of HOCs is altered by presence of 
surfactant when both coexist in soil as result of human activity and 
(b) To investigate the potential use of surfactant for solving soil pollution 
problems posed by HOCs. 
1.5. MECHANISM OF ADSORPTION 
Several mechanisms have been proposed for adsorption of 
pesticides by soils such as Van der Waal's attraction, hydrogen bonding, 
h\drophobic bonding, charge transfer, ion exchange and ligand exchange. 
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l.S.l.Van der Waal's Attractions: 
Van der Waal's forces are involved in the adsorption of nonionic, 
nonpolar molecules or portions of molecules. Van der Waal's forces result 
from short range dipole-dipole interactions of several kinds. The additive 
nature of Van der Waal's forces between the atoms of adsorbate and 
adsorbent may result in considerable attraction for large molecules. The 
adsorption of carbaryl and parathion on soil organic matter in aqueous 
system is considered to be physical involving Van der Waal's bond between 
the hydrophobic portions of the adsorbate molecules and the adsorbent 
surface [47]. Nearpass [132] suggested that the principal adsorption of 
picloram by humic materials was molecular adsorption due to Van der Waal's 
forces. Singh et al. [133] found that adsorption of dimethoate decreased 
with the rise of temperature indicating the involvement of Van der Waal's 
forces during adsorption process. 
1.5.2. Hydrogen Bonding: 
This is a special kind of dipole-dipole interaction in which the 
hydrogen atom.s serve as abridge between two electronegative atoms; one 
being held by covalent bond and the other by electrostatic forces. There is 
a parallel between hydrogen bonding and protonation [134]. Protonation may 
be considered as a full charge transfer from the base (electron donor) to 
the acid (electron acceptor). The hydrogen bonding interaction is a partial 
charge transfer interaction [135]. Erik et al. [30] suggested that H-bonding 
was considered the most feasible adsorption mechanisms of lindane. Hayes 
[136] stressed the participation of a hydrogen bonding mechanism in s-
triazines and organic matter interactions. Borggard and Streibig [137] have 
suggested hydrogen bonding as a adsorption mechanism in atrazine 
adsorption by soils. 
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1.5.3. Hydrophobic Bonding: 
Nonpolai pesticides or compounds whose molecules often have 
nonpolar regions of significant size in proportion to polar regions are likely 
to adsorb onto the h) drophobic regions of the soils Water molecules present 
in the system will not compete with nonpolar molecules for adsorption on 
h\diophobic suifaces This type of bonding also may be largely responsible 
for the stiong adsoi} tion by soil oiganic matter of many pesticides such as 
DDT and other organochlorine pesticides Lipids are also associated with 
soil humus [138] Thus, association of non polar (chlorinated hydrocarbons) 
pesticides with the lipid fraction of soil organic matter and humus might 
be described by h\ drophobic bonding [139] This also explains the relative 
independence of pesticide adsoiption on moisture in soils with high organic 
content [ 140] The adsorption of pesticides involving this mechanism would 
be independent of pH [140] Meth\lation of organic matter or humic 
substances to block h>drophilic -OH groups would increase the adsorption 
by this mechanism Kozake/a/ [141] also suggested hydrophobic bonding 
as a possible explanation in prometry n and metolachlor adsorption 
1.5.4. Charge Transfer: 
Charge tiansfer interaction will take place only within short 
distances of separation between the interacting species In the formation 
of charge transfer complexes, electrostatic attraction takes place when 
electrons are transferred from an electron-rich donor to an electron deficient 
acceptor The formation of charge transfer complexes has been postulated 
as the possible mechanism invohed in the adsorption of s-tnazines on the 
soil organic matter [136] Burns ef al [142] postulated the in\ol\ement of 
charge transfer mechanism in paraquat adsorption of humic acid (HA) 
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1.5.5. Ion Exchange: 
Ion exchange adsorption takes place for those pesticides which 
either exist as cations or which become positively charged through 
protonation. Adsorption of pesticides, such as paraquat and diaquat, via 
cation exchange functions through -COOH and phenolic-OH groups is 
associated with the soil organic matter [138,143]. Bansal [36] and Singh 
el al. [56] also suggested this type of mechanism in the adsorption of 
oxamyl and dimecron by some soils. The cationic adsorption mechanism is 
also responsible for the adsorption on organic matter of less basic 
pesticides, such as S-triazines [144]. 
1.5.6. Ligand Exchange: 
Adsorption by this mechanism involves replacement of one or 
more ligandsby the adsorbent molecule [145-146]. The necessary condition 
is that the adsorbent molecule be a stronger chelating agent than that of the 
replaced ligands [147]. This type of mechanism may be involved for the 
binding of S-triazines on the residual transition metals of HA [148]. In ligand 
exchange partial chelated transition metal may serve as possible sites for 
adsorption [136]. Coordination through an attached metal ion ligand 
exchanged was considered to be the main process in the adsorption of 
linuron by peat samples saturated with different cations [149]. 
1.6. ADSORPTION ISOTHERMS 
The relation between the amount of pesticide adsorbed per unit 
weight of the adsorbent and the pesticide concentration in the solution at 
equilibn im is called an adsorption isotherm. 
Adsorption of pesticides on soils was evaluated by adsorption 
isotherms which represent the relation between the amount of pesticide 
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adsorbed per unit weight of the soil and pesticide concentration in the 
solution at equilibrium. According to the nature of slope of the initial 
portion of the curves, Giles et al. [150] reported the relation between solute 
adsorption mechanisms on solid surfaces and the types of adsorption 
isotherms. They developed four main classes of adsorption isotherm i.e. 
S-type curves, C-type curves, L-type curves and H-type curves. 
1.6.1. S-type Curves: 
S-Type isotherm generally occurs when the solid has a high 
affinity for the solvent. The initial direction of the curvature shows that 
adsorption becomes easier as concentration increases. This type of isotherm 
usually appears when the solute molecule is monofunctional; has moderate 
intermolecular attraction, and meets strong competition for substrate sites 
from molecules of the solvent or other adsorbed species. 
1.6.2. L-Type Curves: 
The L-type curve, the normal or "Langmuir" isotherms, are best 
known and represent a relatively high affinity between the solid and solute 
in the initial stage of the isotherm. As more sites in the substrate are 
filled, it becomes increasingly difficult for solute molecules to find a vacant 
site available. 
1.6.3. C- Type Curves: 
C-type curve are given by solutes which penetrate in to the solid 
more readily than does the solvent. These curves are characterized by the 
constant partition of solute between solution and substrate, right up to the 
maximum possible adsorption, where an abrupt change to horizontal plateau 
occurs. 
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1.6.4. H-Type Curves: 
H-type curves are quite uncommon and occur only when there is 
very high affinity between solute and solid. This is a special case of L-type 
curve, in which the solute has such high affinity that in dilute solution it is 
completely adsorbed, or at least there is no measurable amount remaining 
in solution. The initial part of the isotherm is therefore vertical. 
1.7. ADSORPTION MODELS 
Generally two mathematical equations such as Freundlich and 
Langmuir equations have been used for quantitative description of pesticide 
adsorption on soils [151-153]. 
1.7.1. Freundlich adsorption Equation: 
The Freundlich equation can be expressed as: 
x/m =KC;'" (1.1) 
Where K and 1/n are emperical adsorption constants and x/m and C^  
are the adsorbed (|ig pesticide g"' soil) and solution phase (|j.g pesticide 
mL ' soil) concentrations, respectively. The adsorption coefficient K, has 
unit of g ' " mL"g"', while 1/n is dimensionless. Values of adsorption 
constants K and 1/n are estimated by linear regression of log-transformed 
data. The equation (1.1) is expressed in logarithmic from a linear 
relationship is obtained. 
log x/m = log K+1/n log C^ (1.2) 
Generally, in the reasonable pesticide concentration range, the 
relationship between log x/m and log Cjs Imear with 1/n being constant. In 
comparing adsorptive capacity of various pesticides by soils, the K value 
may be considered to be useful index for classifying the degree of adsorption 
because of the use of K values has considerably increased as a result of the 
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requirement by regulatory agencies for quantification of relative pesticide 
adsorption in soil water system (EPA. 1978). For soil-pesticide interaction, 
soil organic matter based adsorption constant K^^ was also calculated by 
dividing the K^ value by organic matter content present in the soil [99,154]. 
K^  is used to help characterize the mechanism of adsorption of pesticide 
to organic components to the soil. The lower K^^ values show that the 
chemicals will be less adsorbed to soils particles. 
In general, the values of K for the adsorption of pesticides on 
soils decrease with increase in the temperature and increase in value to 1/n 
takes place at higher temperature [38, 155-156]. 
1.7.2. Langmuir Adsorption Equation: 
Langumuir adsorption equation was initially derived from the 
adsorption of gases by solid using the following assumptions: 
(i) The energy of adsorption is constant and independent of surface charge. 
(ii) Adsorption is on localized sites and there is no interaction between 
adsorbate molecules, and 
(iii) The maximum adsorption possible is that of a complete monolayer. 
The Langmuir adsorption equation may be expressed in terms of 
concentration in the following form: 
(1.3) 
X K, K, C 
1 Z c 
m 1+K,C 
1 e 
Where K, is a constant for system dependent to temperature and K^  is the 
monolayer capacity. The term x/m and C^  have been defined in Freundlich 
equation. 
The reciprocal of equation 
1 1 
+ 
x^ m K, K,K,C 
2 I 2 e 
(1.4) 
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A plot of l/(x/m) vs. 1/C ,^ should give a straight line with an intercept 
1/ K^  and a slope of 1/(K, K )^ when the Langmuir equation holds. The 
adsorption of pesticides on soils and clays was found to conform to an 
isotherm type which was similar to Langmuir model for adsorption 
[157-158]. 
Under certain conditions both the Freundlich and Langmuir 
equations may reduce to linear relationship. In the case of Freundlich 
equation, if the exponent 1/n is 1, adsorption will be linearly proportional 
to the solution concentration. In practice it has been found that adsorption 
of the pesticides on soil do fit the Freundlich equation with an exponent 
close to unity. In the Langmuir equation the denominator, 1 + K, C ,^ becomes 
indistinguishable from 1 at low concentrations. In this situation, the amount 
adsorbed becomes directly proportional to the concentration in the solution. 
1.8. MOVEMENT OF PESTICIDES IN SOILS 
The movement of pesticides in soil affected their ability to 
effectively control the targeted pests and determine whether or on the use 
of these chemicals may lead to an environmental impact. Due to this reason 
Soil Scientists and Environmental Scientist both have equal interest in 
characterizing the fate and movement of pesticides in soils. Over the last 
several years, the interest in this kind of research has been focused on 
ground water contamination due to the use of pesticides in crop production. 
Spadling et al. [159]; Cohen et al. [ 160] have reported that pesticides such 
as fumigants have been detected in ground water. Due to this reason 
fumigant pesticides such as DBCP and EDB have been banned by 
Environmental protection Agency (EPA) and the use of non-fumigant 
pesticides has increased. Prior to 1979, there was a belief that ground water 
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was protected from pesticide contamination by chemical degradation process 
in and on the soil by impervious layer of subsoil, rock and clay. Recently, 
Peoples et al. [161]; Rothschild et al. [162]; and Weaver et al. [163] have 
reported in monitoring studies that certain pesticides are found in ground 
water. 
Several workers [31, 37,41,45,56, 164-206] have studied the 
movement of organohalogenated, organophosphours and carbamate group 
containing pesticides in soils. The role of organophosphorus and carbamate 
group containing pesticides being more soluble in water than 
organohalogenated pesticides, in polluting soil environment can not be 
underestimated. Reynolds and Metcalf [207], while studying the movement 
of several phosphorus and carbamate group containing pesticides found that 
it was related to their water solubility. Keneko et al. [208] and Kaufman 
el al. [209] have also studied the movement of permenthrin, cypermenthrin 
and decamethrin in soils. 
The extent of movement of pesticides in soil depends upon the 
nature and properties of pesticide itself i.e. solubility of the pesticide in 
water, formulation, rate of pesticide application or degradation and on 
certain soil properties such as texture, structure, porosity, organic matter 
content, clay content, moisture content, pH and CEC [171,185, 210-212]. 
Soil Texture and Structure: 
Soil texture and structure affects the movement of pesticides 
because fine textured soil contains higher amount of moisture rendering a 
faster dilution of toxicants. The movement of pesticide was less in fine 
textured soil than coarse textured soil because equilibrium of pesticide 
between water and the interior soil aggregates becomes slower with 
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increasing aggregate size and relatively small zone of pest control. It was 
also observed that an inverse relationship exists between clay content and 
movement of pesticides. The sand particles being more permeable than clay 
particles, allow an easy and deeper movement. 
Porosity: 
Porosity is the function of pore size distribution determined by 
soil texture, structure and particle shape. Pesticides are transported to a 
greater degree through more porous soil when other things are equal. 
Water Flux: 
Water flux affect the movement of pesticide in soil because it is 
the amount of water that flows through the soil. In practice this is often 
less than the rainfall because evaporation from the soil surface, and uptake 
by the crop diminish downward movement as a consequence chemical can 
move both downward and upwards in soils in response to water movement 
in wetting and drying cycles. However, in laboratory condition water flux 
through the soil column can be accurately controlled. Leaching of pesticides 
due to addition of water has been extensively studied by Davis et al. [213], 
Friesen [214], and Bayer [215]. Some of the pesticides are more mobile at 
higher rates of percolation [216]. 
Water Solubility: 
Water solubility of a pesticides is an important phenomenon which 
affect the pesticide movement in soil. Increased solubility of pesticides 
has decreased adsorption [217-218] and therefore, inccreased mobility. An 
inverse relationship has also been observed between solubility and 
adsorption [219-221]. Organophosporus and carbamate pesticides are more 
soluble in water than chlorinated hydrocarbon compounds. This would 
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indicate that they are much more susceptible to leaching than the chlorinated 
compounds. Weber [222] reported that the amount of acidic herbicides 
adsorbed on soil was inversely related to the water solubility of the chemical. 
On the other hand, Hance [223] and Weber [224] observed no relationship 
between solubility and adsorption of certain pesticides. 
Formulation: 
The formulation in which a pesticide is applied influenced the 
mobility. An increase in mobility of simazine has been observed by adding 
ammonium sulphate [225] and that of diuron by adding surfactants [215]. 
Solution formulations of some no volatile fungicides were more mobile 
them suspension [216]. 
Rate of Pesticide Application: 
The rate at which the pesticides are to be applied may affect the 
movement of pesticides. Several workers [227-230] have studied the effect 
of rate of pesticide application on mobility of certain triazines herbicides 
and they have reported that higher application rates of herbicides increased 
their mobilities. 
Generally, the movement of pesticides has been estimated using 
soil column [59, 68,231-236] and soil thin layer chromatographic 
techniques [167-169. 175-177, 208. 237-241]. Data pertaining to soil 
column and field leaching studies were used to evaluated a simple piston 
displacement model [242]. The model accurately predicted the position of 
the wetting fronts, but under predicted pesticide leaching. 
1.8.1. Soil Column Technique: 
Recently. Singh ef al. [236], Kumari et al. [59-68] and Bilkart 
and Rao [242] have studied the movement of certain pesticides in soil 
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columns and estimated the distribution coefficient K^ values. From the 
adsorption data, values of adsorption coefficient K, soil carbon based 
adsorption constant K^ _, and K^ values obtained from batch techniques were 
correlated with the K^ ^ values of soil columns. Distribution coefficient of 
pesticide in soil column was calculated from the leaching experiments by 
using relation initially described by Ketelle and Boyd [243] and used by 
Swoboda and Thomas [244] and Singh et al. [236] 
Singh el al. [236] and Kumari et al. [59, 68] have studied the movement 
of oxamyl, carbofuran and phosphamidon in soils by leaching the columns 
containing different types of soil with distilled water. 
1.8.2. Soil TLC Technique: 
Soil thin - layer chromatopgraphy (TLC) was introduced by 
Helling and Turner [167] and Helling [168-170] as a technique useful for 
rapid, reproducible and inexpensive assessment of pesticide mobility, with 
autoradiography of radioactive pesticides. Helling et al. [172, 245] have 
also reported a bioassay technique for the detection of pesticide mobility 
in soil. Singh et al. [176-177, 237, 246] and Sharma et al. [239-241] 
however, used this technique for determining the movem_ent of certain 
pesticides, amino acids and phenols in soils with simple chemical detectors 
and the movement was expressed in terms of frontal Rp(Rpp), R^ , Rg and R^ ^ 
values. 
Much attention now has been paid to study the effect of surfactants in 
the movement of pesticides in soils when both coexist in soils as a result 
of human activities and to investigate the possible application of surfactants 
for possible use of surfactants in solving problems of soil contamination 
posed by pesticides in soils and sediments. 
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The studies on the aspects covering the factors affecting the adsorption 
and mobility of pesticides in soils currently used for agricultural purposes 
are still scanty. More studies are required to have a complete picture in 
this regard. Keeping this in mind, the present work was planned to study the 
(i) effect of aqueous solutions of cationic, nonionic and anionic surfactants 
of different concentrations on the adsorption of carbofuran and endosulfan 
on three different types of soils and (ii) effect of texture, organic matter, 
pH, water/cosolvent / aqueous surfactant solutions flux, different volume 
fractions of cosolvents ( acetone and methanol ) and surfactant solutions 
of different concentrations ( 1/2 CMC, CMC and 2 x CMC ) on the 
movement of pesticides ( carbofuran, chlorpyrifos and endosulfan ) and 
synthetic pyrethroids (cypermethrin, deltamethrin and fenvalerate ) in soils 
using soil TLC technique. These studies will help in providing information 
with regard to judicious and efficacious use of pesticides and also for 
assessing near source of movement/ transport of these pesticides in soils 
in the event of spillage or discharge of organic wastes containing water 
soluble solvents and surfactants. This study will also help in understanding 
the possible use of surfactants for solving the problems of soil 
contamination posed by pesticides and other HOCs.The scheme of chapters 
is as follows: 
• Effect of cationic, nonionic and anionic surfactants on the adsorption 
of carbofuran on three different types of Indian soils. 
• Effect of cationic, nonionic and anionic surfactants on the adsorption 
of endosulfan on three different types of Indian soils. 
• Effect of water flux, pH, organic matter and cosolvents ( acetone and 
methanol) on the movement of pesticides in soils. 
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Evaluation of the effect of surfactants on the movement of pesticides 
in soils using a soil thin-layer chromatograhy technique. 
Effect of water flux, pH and organic matter and cosolvents ( acetone 
and methanol) on the movement of synthetic pyrethroids in soils. 
Evaluation of the effect of surfactants on the movement of synthetic 
pyrethroids in soils using a soil thin-layer chromatograhy technique. 
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2.1 INTRODUCTION 
The frequent detection of pesticides in surface and ground water [1-5] 
has increased interest in studies of pesticide adsorption by soils. Adsorption 
is one of the most important processes affecting the mobility, persistence, 
bioactivity, toxicity and efficacy of pesticides in the soil environment. The 
literature on this topic has been reviewed by Bailey and White [6] and by Cheng 
[7]. Most of the existing data on carbofuran adsorption on soils relate to aqueous 
solutions [8-10]. Recently, Singh [11] applied cosolvent theory proposed by 
Rao et al. [12] on the basis that in the natural environment it is likely that, in 
waste disposal and land- treatment sites, the waste water contains a large 
quantity of various organic solvents. However, there are very few references 
in the literature to the effect of surfactants on the adsorption and movement 
of carbofuran in soils [13-14]. Hence, in the present investigation, an attempt 
has been made to study the adsorption of carbofuran on soils in the presence 
of aqueous solutions of various surfactants [cetyl trimethyl anmionium bromide, 
(CTAB), polyoxyethylene sorbitan monolaurate, (Tween '20') and sodium 
dodecyl sulphate, (SDS)] at different concentrations (1/2 CMC, at CMC and 
2 X CMC) with a view to understanding how the adsorption of carbofuran is 
altered by the presence of such surfactants when both co-exist in the soil as a 
result of human activity as well as the possible development of the use of 
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surfactants in solving pollution problems posed by carbofuran in soils. 
2.2. EXPERIMENTAL 
2.2.1. Chemicals and Reagents: 
Hydrogen Peroxide (30%) 
Hydrochloric Acid 
Potassium Chloride 
Sodium Hydroxide 
Sulphuric Acid 
Phosphoric Acid 
Phosphorus Pentaoxide 
Ethylene Glycol (Pure) 
Methanol 
B D H (India) Ltd. 
Glaxo (India) Ltd. 
B D H (India) Ltd. 
B D H (India) Ltd. 
B D H (India) Ltd. 
B D H (India) Ltd. 
B D H (India) Ltd. 
B D H (India) Ltd. 
GR grade, E. Merck (India) Ltd. 
Sodium Oxalate : 
8.0 g of NajC^O^, BDH (India) Ltd., was dissolved in one litre of distilled 
water. 
Phenolphthalein Solution (1%) : 
1.0 g of phenolphthalein, BDH (India) Ltd., was dissolved in 100 mL of 
95%ethanol. 
Potassium Dichromate Solution (IN) : 
49.0 g of KXr.O.^, BDH (India) Ltd., was dissolved in distilled water and 
made up to one litre. 
Diphenylamine Indicator Solution : 
0.5 g of diphenylamine (Technical, BDH Chemicals Ltd. Pool, England) 
was dissolved in a mixture of 100 mL of sulphuric acid and 20 mL of distilled 
water and stored in a coloured bottle. 
Ferrous Ammonium Sulphate Solution (0.5 N ) : 
196.0 g of FeSO/NH J,S0^.6Hp. AR grade. BDH (India) Ltd., was dissolved 
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in distilled water, 7.5 niL of sulphuric acid was added and diluted to one litre. 
Sulphanilic Acid Solution (0.2%) : 
0.5 g of sulphanilic acid ,GR grade E. Merck (India) Ltd., was dissolved 
in 1 N HCl solution and made up to 250 mL. 
Sodium Nitrite Solution (0.3%) : 
0.75 g of NaNO^, Glaxo (India) Ltd., was dissolved in distilled water and 
made up to 250 mL. 
Cetyltrimethylammonium Bromide (CTAB) Solution : 
0.68 g of CTAB, CDH (P) Ltd., India, was dissolved in 100 mL of distilled 
water. The selected properties of CTAB are given in Table 2.1. 
Polyoxyethylene Sorbitan Monolaurate (Tween '20') Solution : 
0.28 g of Tween '20', CDH (P) Ltd., India, was dissolved in 100 mL of 
distilled water. The selected properties of Tween '20' are given in Table 2.1. 
Sodium Dodecyl Sulphate ( SDS) Solution : 
4.76 g of SDS, CDH (P) Ltd., India, was dissolved in 100 mL of distilled 
water . The selected properties of SDS are given in Table 2.1. 
Carbofuran (Technical Grade): Carbofuran (99% purity; aqueous solubility, 
320 mg L"'; log K^^ = 2.315) was obtained from M/S Rallis Agrochemical 
Station, Banglore, (India). 
A stock solution of carbofuran of 200 fig mL ' concentration was prepared 
by dissolving 0.0101 g of carbofuran in 100 mL of methanol. Methanol was 
preferred solvent, showed no effect on surfactant solubilization, most higher 
alcohols could not be utilized since they affect CMC value significantly. 
2.2.2. Apparatus: 
Conductivity Meter -303 - Systronics India Ltd. 
Constant Temperature Bath - Tempo India Ltd. 
pH Meter - Systronics India Ltd. 
Centrifuge -Backman L3 -50 Ultracentrifuge 
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TABLE 2.1. NATURE AND PROPERTIES OF SURFACTANTS EMPLOYED 
Surfactant 
Cetyl tri methyl 
ammonuim 
bromide 
Ployxoy ethylene 
sorbitan mono 
laurate 
Sodium deecyl 
sulphate 
Formula 
C,,H^, Br N 
Tween '20' 
C, ,H, ,NaO,S 
Nature 
catonic 
non-ionic 
anionic 
M.W. 
364 46 
1227.70 
288.38 
CMC(g/L) 
0.334g/L 
0.14g/L 
2.38g/L 
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Spectrophotometer - Baush and Lomb Spectronic " 20" 
USA. 
2.2.3. Collection of Soil Samples: 
The general problem of soil sampling has been summarized by the 
Association of Agricultural Chemists [15] as follows. 
" In view of the variability of soil, it seems impossible to devise an entirely 
satisfactory method for sampling. It is obvious that the details of the procedure 
should be determined by purpose for which the sample is taken." 
According to an axiom; analysis be no better than the sample. This is all 
the more true in the collection of soil samples. During the collection of soil 
samples here-under described, the importance of taking representative 
composite samples was kept in mind and variations in colour, texture, slope 
and cropping patterns were all adequately considered. The grasses and other 
organic matter was removed from the surface. The soil samples used for these 
studies were collected from cultivated fields at 0-30 cm depth from (1) village 
Lahrota of district Aligarh, (2) district Jhansi (3) village Doiv^'ala and (4) Forest 
Research Institute (FRl) farm of district Dehradoon. All the soils were ground 
in a hammer mill fitted with a 100 mesh sieve to obtain samples with a small 
and nearly homogeneous particle size. The physico- chemical properties of 
the soils such as mechanical composition (% sand, % silt and % clay), pH, 
cation exchange capacity (CEC), surface area and percentages of organic carbon, 
organic matter, and calcium carbonate contents were determined by the 
standard methods as given below. 
2.2.4. Determination of the Physico-Chemical Properties of the Soils: 
2.2.4.1 Mechanical Composition of the Soils: 
The mechanical analysis of soil was carried out by International Pipette 
method [16]. A 10 gm soil sample which has been passed through a No. 7 B.S. 
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sieve was weighed and placed in an evaporating dish. Ten ml of 30% H,0^ was 
added and warmed up to 60" C and stirred till no further evolution of gases 
occurred. The excess of H.O^ was decomposed by boiling for few minutes. 
After cooling 10 mL or more of 0.2 M HCl was added till the solution become 
acidic. It was filtered and washed with warm distilled water till the washings 
showed no indication of acidic nature. The precipitate was transferred to an 
evaporating dish, and a 10 mL of distilled water and 50 mL of sodium oxalate 
solution (8.0 g L ' ) were added. The mixture was warmed and shaken by a high 
speed stirrer for 15 minutes, and 150 mL of distilled water was then added and 
the suspension passed through 200 B.S. sieve using not more than 150 mL of 
distilled water. The suspension which passed through the sieve was transfened 
to a graduated boiling tube or 500 mL measuring cylinder and volume was made 
up to 500 mL with distilled water. The residue on the sieve was dried and 
weighed. The dry sand was again passed through No. 25, 72 and 200 mesh sieves 
and each fraction retained on the sieves was weighed in watch glass giving the 
coarse (W^^), medium (W^ )^ and fine (W .^^  sands, respectively. 
The graduated boiling tube which contains 500 mL suspension was 
immersed in a constant temperature water bath at 25 + 2°C for one hour. The 
tube was taken out shaken up and down vigorously and replaced in the bath and 
simultaneously the stop watch was started. After a sedimentation time of 4 
minutes and 8 seconds, a 10 mL suspension was taken out from the depth of 
10 cm by means of sampling pipette. It was then transferred into a weighing 
petri dish, dried in an oven and weighed. This procedure was repeated after 46 
minutes and 6 hours 54 minutes after commencement of sedimentation. The 
boiling tube was shaken a fresh in both the case. In each of the above case the 
weight of the solid material in 500 mL of the suspension was determined. The 
methods of sampling is important, the pipette should be lowered into the 
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suspension at a slow rate in order to avoid disturbance (-20 seconds to + 20 
seconds). The percentages of silt and clay were then calculated from the weights 
of the residues. The results are given in Table 2.2. 
2.2.4.2. Determination of the pH of the Soils: 
The pH was recorded with Systronics Digital pH Meter Model -335 with 
glass and saturated calomel electrodes assembly. A soil- water (1:2.5) 
suspension ratio was used for measuring the pH of the soils. The results obtained 
are recorded in Table 2.2. 
2.2.4.3. Determination of the Cation Exchange Capacity (CEC) of the Soils: 
The cation exchange capacity (CEC) of the soils was determined by 
titration method of Ganguli [17]. In this method a 10.0 g air dried soil was 
treated with 0.2 N HCl till acidic, shaken for half an hour and then filtered 
tlirough Buchner funnel till the filtrate was free from chloride ions. The residue 
was then transferred from the Buchner funnel to a beaker and a suspension of 
known concentration was prepared . It was then treated with the same volume 
of a saturated potassium chloride solution, shaken for half an hour and left 
overnight. The exchanged acidity was titrated with standard 0.1 N NaOH solution 
using phenolphthalein as an indicator. From the amount of NaOH required, the 
CEC of the soils was calculated. The results obtained are recorded in Table 2.2. 
2.2.4. Determination of Organic Carbon and Organic Matter Content of 
the Soils: 
The percentages of organic carbon and organic matter of the soils were 
determined by the rapid titration method of Walkley and Black [18]. In this 
method 2 g of air dried, crushed and sieved soil was digested in a 500 mL 
conical flask by adding 10 mL of 1 N K^Crp.^ solution and 20 mL of 
concentrated H^SG .^ The mixture was shaken well for about 2 minutes and 
allowed to stand on an asbestos sheet for about 30 minutes. This was followed 
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by adding 200 mL of distilled water, 10 mL of phosphoric acid (85%) and 
1 mL of diphenylamine indicator solution. A deep violet colour appeared. It 
was titrated with 0.5 N ferrous ammonium sulphate solution till the violet colour 
changed to purple and finally to green. A blank titration was run simultaneously 
without having soil in the solution. The percentage of organic carbon was 
calculated by using the relation, 
(x-y) X 0.003 X 100 
Percentage of organic carbon in soil (Z) = (2.1) 
2 X W 
Where x is the volume of 0.5 N ferrous ammonium sulphate required for 
reducing 10 mL of 1 N K^Cr, 0.^  solution (blank reading), y is the volume of 
0.5 N ferrous ammonium sulphate required for reducing the excess of K^Cr^O^ 
(experimental reading). W is the weight of soil taken for analysis and assuming 
that 1 mL of 1 N K,Cr,0^ = 0.003 g carbon. 
Finally, assuming that organic matter contains 58% carbon, the percentage 
of organic matter was calculated by multiplying the Walkely and Black value 
with 100/58 or 1.724. 
Percentage of organic matter in soil = Z x 1.724. (2.2) 
The results obtained are recorded in Table 2.2. 
2.2.4.5. Determination of the Calcium Carbonate Content of the Soils: 
The percentage of calcium carbonate content of the soils was determined 
by taking 10.0 g of each of the sample on a Buchner funnel. The sample was 
washed with distilled water till free from chloride ions. It was then transferred 
to a conical flask, treated with 50 mL of 1 N HCl, shaken and boiled on a steam 
bath till the reaction was over. It was then cooled at room temperature and 
back titrated with 1 N NaOH using phenolphthalein as an indicator. The end 
point was recorded when the pink colour persisted for 15 seconds on shaking 
the solutions. The results are recorded in Table 2.2. 
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TABLE 2.2. PHYSICOCHEMICAL PARAMETERS OF THE SOILS 
STUDIED 
Properties 
Texture 
Composition (%) 
Sand (%) 
Silt(%) 
Clay (%) 
Organic matter (%) 
Organic carbon (%) 
CaCO, (%) 
CEC [meqv Kg '] 
Surface area (m-g ') 
PH 
Aligarh soil 
Sandy loam 
70 20 
22 80 
7 00 
0 57 
0 33 
0 25 
90 00 
77 41 
8 80 
Doiwala soil 
Silt loam 
24 60 
56 90 
18 50 
2 16 
1 25 
6 00 
195 00 
200 64 
5 90 
F.R.L Soil 
Loam 
49 93 
33 01 
17 06 
0 88 
0 51 
3 50 
246 00 
164 51 
6 90 
Jhansi Soil 
Loam 
45 85 
38 15 
16 00 
0 60 
0 35 
4 35 
85 00 
100 40 
7 90 
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2.2.4.6. Surface Area Determination of the Soils: 
Surface area of the soils was determined by the method proposed by 
Hendricks and Dyal [19]. In which one gram sample of each soil was taken in 
aluminium moisture boxes of known weights. The samples were spreaded evenly 
over the bottom of boxes. The boxes with lid removed were placed in a vacuum 
desiccator over 250 gms of P.O,. The desiccator was evacuated with a vacuum 
pump. The stopcock w as closed and the samples were dried to a constant weight 
which took nearly 6 hours. The samples were then wetted with ethylene glycol 
added from a pipette dropwise. Wetting was facilitated b\ slight warming. The 
samples were then placed in a vacuum desiccator and allowed to stand at room 
temperature X'acuum was applied continuously from time to time. Weights of 
the samples were recorded after every sixteen hours and drying under vacuum 
renewed till two successive weighings agreed up to tenth of a milligram. 
Surface area was calculated from the equation, 
W, 
A= ^ (2.3) 
W ^ 0.00031 
Where A was the surface area in m-^ g"'. W^ = Wt. (gms) of glycol retained by 
the samples. W = \\ t (gms) of samples on P.O, dried basis, and 0.00031 the 
Dyal and Hendricks value for the grams of glycol required to form a monolayer 
on one meter- of surface area. Results are tabulated in Table 2.2. 
2.2.5. Preparation of Standard Curve of Carbofuran: I ~ V ^ ^ 
Standard curve (Figure 2.1) of carbofuran was prepared by using 
Mithyantha and Perur method [20] in which varying volumes (1 to 10 mL) of 
10 )ag mL"' carbofuran solution were pipetted into a number of 50 mL 
volumetric flasks. To these solutions 5 mL of 0.2°o sulphanilic acid and 5 mL 
of 0.3% sodium nitrite solutions were added and kept for 30 minutes. After 
that 10 mL of 4 N NaOH solution was quickly added and the was made volume 
up to mark with distilled water and left for one hour. The absorbance was 
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recorded against blank at 490 nm with the help of Bauch and Lomb Spectronic 
- 20 spectrophotometer 
2.2.6. Adsorption studies: 
Batch equilibrium adsorption isotherms of carbofuran on soils in presence 
and absence of aqueous solutions of the cationic, nonionic and anionic 
surfactants at different critical micelle concentrations (1/2 CMC, CMC and 2 
X CMC ) were performed by taking ten concentrations of carbofuran (100, 
200, 300, 400, 500, 600, 700, 800, 900, and 1000 |ig) in 100 mL glass 
stoppered conical flasks. The volume contained in each flask was made up to 
20 mL by the addition of the requisite volume of methanol and surfactant 
solutions at different CMCs. To these solutions was added 1 g of each soil and 
the resulting suspensions were maitained at 25 + °C for 24 hours in an incubator 
with a shaking period of 3 hours. All experiments were conducted in duplicate. 
Preliminary studies showed that there was no measurable increase in the 
adsorption of carbofuran by the soils after 24 hours either in the presence or 
absence of the various surfactants at the three CMC values employed. The 
suspensions were centrifuged at 10, 000 rpm for 10 minutes using a Backman 
L3-50 Model Ultracentrifuge and the carbofuran in the supernatants liquid w as 
estimated spectrophotometrically [20]. The amount of carbofuran adsorbed was 
calculated as the difference between the initial carbofuran concentration and 
the equilibrium concentration according to the expressions: 
x/m = (C„-C J V / W (2.4) 
Where x/m is the concentration of carbofuran in the soil (^ig g ') , C is the 
initial carbofuran concentration (^g mL') , C^ is the final (equilibrium) 
carbofuran concentration (fig mL'), V is the solution volume and W is the 
weight of the soil sample employed. 
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2.2.7. Evaluation of the Adsorbability Index (AI) of Carbofuran: 
The adsorbabilit> index (AI) of carbofuran was evaluated from equation 
(2 5) by inserting the values of A and 1 as listed in Table 2 2 derived from the 
work of Abe ef al [21] 
A1 = I A + Z I (2 5) 
Wheie A and 1 are the factors for the respective increase and decrease in 
adsoibability of the atom or functional group in the molecule from aqueous 
solution on to the various soils studied The Al value for carbofuran being equal 
to 4 74 
2.2.8. E v a l u a t i o n of the Fi rs t - Order Molecular Connect iv i ty 
Index (Ix) of Carbofuran: 
The fust- oider molecular connectiMt>' index {]%) of carbofuran was 
evaluated by substituting the above Al value for carbofuran i e 4 74 m equation 
(2 6) as pioposed by Okouchi and Saegusa [22] from which corresponding value 
of 4 8184 was obtained 
IX = 1 16 A l - 0 68 (2 6) 
2.3. RESULTS AND DISCUSSION 
The adsorption isotherms for carbofuran on soils in the presence and 
absence of aqueous solutions of the surfactants studied are depicted in Figures 
2 2 - 2 11 and given in Tables 2 4 - 2 3 3 The isotherms all indicate the amount 
of carbofuian adsoibed per unit mass of the solid adsorbent (x/m, }ig g ') verses 
the equilibrium concentration (C ,^ ng mL') It is clear from the isotherms that 
the adsorption followed the order as silt loam > loam > sandy loam soil m 
aqueous solution as well as in aqueous surfactant solutions at all CMC values 
studied The highei adsoiption on silt loam soil may be due to the greater amount 
of oiganic matter, clay and calcium carbonate content, the higher surface area 
and the lower pH value of silt loam soil followed by loam and sandy loam 
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TABLE 2.3. ADSORBABILITY INDEX (AI), ACCORDING TO 
Abe era/. (1986) 
c 
H 
N 
0 
s 
CI 
Br 
NO, 
-C=C-
Iso 
Tert. 
Cyclo 
A 
0 26 
0 12 
0.26 
0.17 
0 54 
0.59 
0.86 
0 2 1 
0.19 
-0 12 
-0 32 
-0 28 
Aliphatic 
-OH 
- 0 -
-CHO 
N 
-COOR 
>C=0 
-COOH 
Aromatics 
-OH, - 0 - , N, 
a-Amino acids 
(alcohals) 
(ethers) 
(aldehydes) 
(amines) 
(esters) 
(ketones) 
(fatty acids) 
-COOR, > C= 0, -COOH 
I 
-0 53 
-0 36 
-0 25 
-0.58 
-0 28 
-0 30 
-0 03 
0 
-1.55 
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soils (Table 2.2). According to the classification of Giles et al. [23], the 
isotherms (Figures 2 .2-2.11) for both types of systems (i.e. in the absence 
and presence of surfactants at varying CMC value) are S- shaped, suggesting 
that the adsorption of carbofuran was enhanced at higher concentrations. The S 
- shaped isotherms also suggest that the adsorption of carbofuran was probably 
enhanced by the marked localization of the attractive forces over the 
(> C = O) group in carbofuran molecule leading to interaction with adsorption 
sites on the individual soils. 
In all cases, the adsorption data could be described by the empirical 
Freundlich adsorption equation . i .e . 
logx/m = l o g K + 1/nlogC^ (2.7) 
Where K and l/n are the constants associated with the affinity' of the adsorbent 
for the adsorbate and to the degree of curvature of the isotherms, respectively. 
The dimensions _of K are fig'"'" mL' ""'g' while l/n is dimensionaless. In 
general, the values of correlation coefficient, r \ were greater than 0.96. The 
values of K and l/n for each carbofuran - soil combinations were estimated by 
the linear regression of log transformed data (Figures 2.12-2.21 ) and values 
obtained are listed in Tables 2.34-2.36. The values l/n were close to unity in 
surfactant- free systems and in the presence of cationic surfactant at all CMC 
values studied, l/n was greater than unity for anionic surfactant at all CMC 
values, while for aqueous solutions of the non-ionic surfactant, l/n was greater 
than unity at CMC value and at 2 x CMC (Tables 2.34-2.36). Thus, in addition 
to the Freundlich constant. K. it was considered appropriate to use the 
distribution coefficient. K^. as a measurement of the soil adsorption capacity 
because it represents the relationship between the concentration of carbofuran 
in the soil and that at equilibrium in the solution for a given equilibrium 
concentration. From the adsorption data, the statistical average of the 
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distribution coefficient, K^, for each soil in the presence and absence of 
aqueous solutions of the surfactants at different CMC values was calculated 
from the relationship: 
I (x/m .C ) 
K, = (2.8) 
S(XCJ^ 
The K values thus evaluated are tabulated in Tables 2.34 - 2.36. 
On examination of Tables 2.34 - 2.36, the higher values of K and K^ were 
observed for silt loam soil, followed by the loam and sandy loam soils. This 
confirms the order of carbofuran adsorption in both aqueous surfactant- free 
and surfactant containing systems (Figures 2.2 -2.11). The values of KandK^ 
also confirm that the adsorption of carbofuran on all three soils studied was 
greater in the presence of cationic surfactant, followed by nonionic and anionic 
surfactants at all CMC values. 
2.3.1. Effect of the Cationic Surfactant (CTAB): 
The higher values of the Freundlich constant K and of the partition 
coefficient K^ (Table 2.34) for carbofuran at 1/2 CMC compared to the 
corresponding values in a surfactant free system for all three soil demonstrates 
that the adsorption of carbofuran increased (Figures 2.3 - 2.5) at this CMC 
value. This increase of both constants must be due to increased adsorption 
because CTAB is cationic in nature and adsorbed (cation exchanged ) by soils 
in the form of hemimicelles / admicelle [24]. However, in aqueous surfactant 
concentrations corresponding to CMC and 2 x CMC, the observed values of K 
and Kp were decreased markedly (Table 2.34) for all the soils indicating that 
the adsorption of carbofuran decreases (Figures 2.3 - 2.5) with respect to 
surfactant free system. This decrease may be due to adsorption of the 
carbofuran by the CTAB micelles present in the solution phase leading to a net 
increase in the carbofuran concentration in the solution phase. Such results 
are in accordance with the work of Iglesias - Jimenez efat.[ 25 ] who studied 
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Figure-2.12. Freundlich isotherms for adsorption of carbofuran 
on soils in surfactant- free aqueous solutions. 
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Figure-2.13. Freundlich isotherms for adsorption of carbofuran 
on silt loam soils in CTAB- free and aqueous CTAB 
solutions of different CMC values. 
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Figure-2.14. Freundlich isotherms for adsorption of carbofuran 
on loam soils in CTAB -free and aqueous CTAB 
solutions of different CMC values. 
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Figure-2.15. Freundlich isotherms for adsorption of carbofuran 
on sandy loam soils in CTAB- free and aqueous CTAB 
solutions of different CMC values. 
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Figure-2.16. Freundlich isotherms for adsorption of carbofuran 
on slit loam soil in Tween ' 20 ' - free and aqueous 
Tween '20' solutions of different CMC values. 
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Figure-2.17. Freundlich isotherms for adsorption of carbofuran 
on sandy loam soils in Tween '20'-free and aqueous 
Tween '20* solutions of different CMC values. 
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Figure-2.18. Freundlich isotherms for adsorption of carbofuran 
on sandy loam soils in Tween '20'- free and aqueoos 
Tween *20' solutions of different CMC values. 
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Figure-2.19. Freundlich isotherms for adsorption of carbofuran 
on slit loam soils in SDS- free and aqueous SDS 
solutions of different CMC values. 
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Figure-2.20. Freundlich isotherms for adsorption of carbofuran 
on loam soils in SDS- free and aqueous SDS solutions 
of different CMC values. 
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Figure-2.21. Freundlich isotherms for adsorption of carbofuran 
on sandy loam soils in SDS- free and aqueous SDS 
solutions of different CMC values. 
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the effect of surfactants on the adsorption of diazinon, atrazine, ethofumesate 
and acephate in a soil. The increase in the values of log K^ for carbofuran in 
an aqueous phase containing CTAB at 1/2 CMC aqueous concentration and a 
decrease in the corresponding values at CMC and 2 x CMC for the same 
surfactant relative to the surfactant free system for all the three soils may be 
due to the increased adsorption of carbofuran by soil bound surfactant and the 
solubilization of carbofuran at the CMC and 2 x CMC value, respectively. 
Similar results were reported by Kile and Chiou [26] in their studies of the 
water solubility enhancement of DDT and trichlorobenzene by some surfactants 
both below and above the critical micelle concentration. 
2.3.2. Effect of the Nonionic Surfactant (Tween '20') : 
The Figures 2.6-2.8 present effect of nonionic surfactant (Tween '20'), at 
different aqueous concentrations on the adsorption of carbofuran on soils 
studied. At low aqueous concentration (1/2 CMC), the presence of (Tween '20') 
led to increased K and K^ values relative to the surfactant free system thereby 
indicating an increase in adsorption, whilst in the presence of aqueous solutions 
of the same surfactant at CMC and 2 x CMC values a significant decrease in 
the values of K and K^ was observed indicating decreased adsorption 
(Table 2.35). The increase in carbofuran adsorption at low CMC values may be 
due to dispersion of soil particles which led to an increase in the number of 
adsorption sites available. The decrease in adsorption at CMC and 2 x CMC 
aqueous concentration may be partly due to the preoccupation of soil adsorption 
sites by Tween '20' and partly due to the fact that at higher Tween '20' 
concentrations, the surfactant micelles are believed compete and partly replace 
the free carbofuran molecules adsorbed on the soil surfaces. These molecules 
would be incorporated into the micelles in the solution phase thereby leading 
to a decrease in carbofuran molecules available for adsorption. Similar results 
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have been reported by a number of other workers [27-29] while studying the 
effect of nonionic surfactants on adsorption, desorption, mobility and 
biodegradation of hydrophobic organic compounds in soils. 
The decrease in values for carbofuran adsorption at the CMC and 
2 X CMC values relative to surfactant free systems for the soils studied may 
be due to the formation of aqueous surfactant micelles which compete 
effectively with solid phase as an adsorptive medium for poorly water soluble 
organic compounds or to the enhancement of solubilization at these surfactant 
concentrations, while the slight increase in the log K^^  values observed at 
1/2 CMC for aqueous solutions of Tween '20' may be due to the adsorption of 
carbofuran by the soil bound surfactant phase. The results obtained in this work 
are in accordance with the observations of Sun et al. [29] on the sorption of 
non - ionic organic compounds in soil - water systems in the presence of 
micelle forming surfactants. 
2.3.3. Effect of the Anionic Surfactant (SDS): 
Figures 2.9-2.11 depict the effect of aqueous solutions containing the 
anionic surfactant at concentrations equal to 1/2 CMC , CMC and 2 x CMC on 
the adsorption of carbofuran on various soils studied. At low concentration 
(1/2 CMC), a slight increase in the values of K and K^ was observed relative to 
the surfactant-free system, whereas at the CMC and 2 x CMC values a marked 
decrease in both K and Kj^  was observed. (Table 2.35). Such results demonstrate 
a decrease in adsorption on all three soils studied in the presence of SDS. 
This decrease may be attributed to several mechanisms such as (i) competition 
for active hydrophobic adsorption sites on the soil surface between the 
carbofuran and SDS molecules (ii) SDS equilibria involving monomers, 
micelles and hemimicelles / admicelles (monomers adsorbed on the soil 
surface) (iii) partition of the carbofuran amongest hydrophobic soil adsorption 
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sites, SDS micelles (solubilization) and organominerals (hemimicelles / 
admicelles formed on soil surface) and (iv) interaction between carbofuran 
molecules and SDS monomers. The results obtained in the present study 
confirm with those of several researchers [24,30-34] who studied the effect 
of certain anionic surfactants on the adsorption, partitioning and solubilization 
of nonionic organic compounds. The decrease in values of log K^ ^ with 
increasing SDS concentration with respect to the surfactant- free system for 
soils studied (Table 2.36) suggests that SDS enhanced the solubility of 
carbofuran in the suspensions studied with the affinity of carbofuran for SDS 
micelles being higher than that for the soils concerned. Similar results were 
reported by Ziqing et al. [30] for the effect of linear alkylbenezene sulfonate 
(LAS) on the adsorption behaviour of phenanthrene on soils. 
The affinity of carbofuran towards organic matter content, K^^ , and clay 
content, K ,^ of the soils was calculated from the equations proposed by Grestl 
[35] and later employed by Singh [11]. The values thus obtained are listed in 
Tables 2.34 - 2.36. These important parameters provide an assessment of the 
environmental fate of organic chemicals. They provide an indication of the 
extent to which chemical partitioning occurs between the solid and solution 
phases in the soils and suggest whether the chemical is likely to leach through 
the soil or be rendered immobile. The affinity of carbofuran towards the organic 
matter and clay content of the soils may be compared through the use of the 
K^and K^ values. In the present study, sandy loam soil exhibited higher K^ ^ 
values, followed by loam and sil lam soils. This is common for soils with 
low organic matter content (Table . 2). Hamaker and Thompson [36] suggested 
that this tendency was due to the significant contribution made by mineral 
phases towards adsorption. In the present work, carbofuran adsorption could 
be correlated better with the clay content of the soils rather than with their 
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TABLE 2.34. PARAMETERS FOR CARBOFURAN ADSORPTION ON 
SOILS FROM CATIONIC SURFACTANT (CTAB) FREE AND 
AQUEOUS CATIONIC SURFACTANT (CTAB) SOLUTIONS 
OF DIFFERENT CMC VALUES 
Parmameter 
K 
1/n 
T' 
^0 
Kc 
K 
om 
logK 
Soils 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
No Surfactant 
OCMC 
36.30 
30.19 
22.90 
0.96 
0.94 
0.93 
0.97 
0.96 
0.96 
31.45 
22.69 
17.52 
184.35 
122.64 
250.29 
1456.01 
2578.40 
3073.68 
3.16 
3.41 
3.48 
CTAB containing systems 
1/2 CMC 
50.11 
43.65 
41.68 
0.92 
0.98 
0.80 
0.98 
0.97 
0.95 
41.65 
30.67 
20.93 
244.14 
165.78 
299.00 
1929.24 
3485.22 
3671.92 
3.29 
3.54 
3.56 
CMC 
27.54 
10.47 
14.45 
0.96 
1.00 
1.03 
0.96 
0.97 
0.98 
23.93 
19.57 
15.35 
140.27 
105.78 
219.29 
1107.87 
2223.86 
2692.98 
3.04 
3.35 
3.43 
2XCMC 
20.89 
9.95 
7.76 
0.97 
1.09 
1.04 
0.97 
0.99 
0.98 
17.92 
15.54 
13.40 
105.04 
84.00 
191.43 
829.62 
1765.90 
2350.87 
2.92 
3.25 
3,37 
Kp= KjjX % Clay content; K^ _^ = K^  x % organic matter content 
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TABLE 2.35. PARAMETERS FOR CARBOFURAN ADSORPTION ON 
SOILS FROM NON-IONIC SURFACTANT (TWEEN '20') FREE 
AND NON-IONIC SURFACTANT (TWEEN '20') AQUEOUS 
SOLUTIONS OF DIFFERENT CMC VALUES 
Parmameter 
K 
1/n 
r^ -
^u 
Kc 
K 
om 
logK 
° om 
Soils 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
No Surfactant 
OCMC 
36.30 
30.19 
22.90 
0.96 
0.94 
0.93 
0.97 
0.96 
0.96 
31.45 
22.69 
17.52 
184.35 
122.64 
250.29 
1456.01 
2578.40 
3037.68 
3.16 
3.41 
3.48 
Tween '20' 
1/2 CMC 
45.70 
40.73 
28.80 
0.92 
0.90 
0.94 
0.96 
0.96 
0.96 
36.06 
26.06 
19.89 
211.37 
140.86 
284.14 
1669.44 
2961.36 
3489.47 
3.22 
3.47 
3.52 
containin 
CMC 
21.37 
10.96 
7.58 
1.00 
1.13 
1.20 
0.97 
0.98 
0.98 
20.95 
15.90 
13.79 
122.80 
85.95 
197.00 
969.90 
1806.81 
2419.29 
2.99 
3.26 
3.38 
g systems 
2XCMC 
6.76 
7.24 
3.16 
1.22 
1.22 
1.27 
0.99 
0.99 
0.99 
14.98 
13.22 
10.74 
87.80 
71.54 
153.43 
693.51 
1502.27 
1884.21 
2,84 
3.18 
3.27 
Kp= KpX % Clay content; K^ =^ K^  x % organic matter content. 
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TABLE 2.36. PARAMETERS FOR CARBOFURAN ADSORPTION ON 
SOILS FROM ANIONIC SURFACTANT (SDS) FREE AND ANIONIC 
SURFACTANT (SDS) AQUEOUS CTAB SOLUTIONS OF 
DIFFERENT CMC VALUES 
Parmameter 
K 
1/n 
T' 
Ko 
Kc 
K 
om 
logK 
o om 
Soils 
* 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
No Surfactant 
OCMC 
36 30 
30 19 
22 90 
0 96 
0 94 
0 93 
0 97 
0 96 
0 96 
31 45 
22 69 
17 52 
184 35 
122 64 
250 29 
1456 01 
2578 40 
3073 68 
3 16 
3 41 
3 48 
SDS containing systems 
1/2 CMC 
20 41 
12 02 
5 49 
1 09 
1 16 
1 26 
0 96 
0 98 
0 99 
24 93 
17 11 
13 37 
146 13 
92 49 
191 00 
1154 16 
1944 31 
2345 61 
3 06 
3 29 
3 37 
CMC 
6 02 
5 37 
3 46 
1 33 
1 27 
1 33 
0 99 
0 99 
0 99 
16 15 
13 03 
11 06 
94 66 
70 43 
158 00 
747 68 
1480 68 
1940 35 
2 87 
3 17 
3 29 
2XCMC 
3 98 
3 80 
1 20 
1 33 
1 21 
1 47 
0 99 
0 99 
0 99 
11 52 
10 78 
7 42 
67 53 
58 25 
106 00 
533 55 
1225 00 
1301 75 
2 73 
3 09 
3 11 
K^ = KjjX % Clay content, K^ ^ = K.^^ ^ % organic matter content 
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organic matter content, despite the fact that latter is responsible for high K^^  
values. Similar results have been reported by a number of other workers [11,37]. 
In addition to experimental determination, several researchers [22,38-
44] have evaluated the predicted values of log K^^  of different organic 
compounds using the following equations : 
log K„„= 3.64-0.55 l o g s (2.9) 
log K^„ =-0.686 log WS + 4.273 (2.10) 
log K^^= 0.937 log K^^-0.006 (2.11) 
logK„„=logK„„-0.317 (2.12) 
log K^^= 0.544 log K^^+ 1.377 (2.13) 
log K^^= 0.53 lx + 0.54 (2.14) 
log K„^-0.53 1X.+ 0.62 (2.15) 
log K^^= 0.64 AI +0 .16 (2.16) 
where S is the water solubility in ng m L ' , WS is the water solubility in 
mg L ' , K^ ^ is the 1-octanol / water partition coefficient, Ix is the first order 
molecular connectivity index and AI is the adsorbability index for the respective 
organic compounds studied. 
The predicted values of log K^ _^  for carbofuran were evaluated by 
substituting the appropriate values of the above coefficients for carbofuran in 
equations (2.9)-(2.16). The corresponding data being listed in Table 2.37. From 
this table, it will be seen that the predicted log K^ _^  values obtained from the 
aqueous solubility and the 1-octanol / water partition coefficient (K^^)for 
carbofuran were considerably in error compared to those measured 
experimentally. However, when the adsorbability index (AI) and the first order 
molecular connectivity index (Ix) were employed, the predicted log K^ _^  values 
were very close to those observed experimentally. Hence, these later two 
parameters are better for predicting the adsorption behaviour of carbofuran 
than any of the others listed above in connection with equations (2.9)-(2.16). 
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TABLE 2. 37. COMPARISON OF THE PREDICTED LOG K^„ VALUES O M 
OBTAINED FROM EQUATIONS (2.6) -(2.13) WITH AVERAGE OF 
EXPERIMENTALLY OBSERVED VALUES OF LOG K^ ,^  OF CARBOFURAN 
ADSORPTION ON SOILS 
Average 
Experimental 
logK 
° om 
3 35 
Predicted value 
log K 
o om 
2 02 
• 
2 32 
1 92 
1 76 
2 40 
3 09 
3 17 
3 19 
A* 
1 33 
1.03 
1.43 
1 59 
0 95 
0 26 
0 18 
0 16 
% Error* 
39 70 
30 74 
42.68 
47.46 
28 35 
7.76 
5.37 
4 77 
' A = Experimental log K - Predicted log K 
'%Error = l 1 4 Predicted log K^  
Experimental log K^  
X 100 I 
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3.1. INTRODUCTION 
Soil colloids are known to react with pesticides, affecting their solubility 
and biological activity in soil as well as environmental pollution. Several 
researchers [1-4] have studied the adsorption of pesticides on soils in presence 
of aqueous solutions. Some researchers [5-8] have worked out the adsorption 
of some hydrophobic organic compounds (HOCs) from non-aqueous solvents 
and solvent mixtures because in the natural environment it is likely that the 
pesticides adsorption on soils could occur in a mixture of water and various 
miscible organic solvents and they applied the cosolvent theory [9]. Recently, 
in our laboratories [10-12] the adsorption of carbofuran, cypermethrin and 
endosulfan on soils in presence of different volume fractions of cosolvents 
(acetone and methanol) have been studied and cosolvent theory was tested. 
Much attention now has been paid to the study of the effects of 
surfactants on the adsorption of some HOCs on soils [13-16]. Numerous 
researchers [17-19] have investigated that the surfactants, above their critical 
micelle concentration (CMC) enhance the solubility of HOCs / pesticides by 
partitioning it into hydrophobic cores of surfactant micelles and it represents 
an important tool in chemical and biological remediation of the contaminated 
soils and sediments. Surfactant may also impact microbial remediation of 
HOCs in soils by affecting the accessibility of organic compounds to 
microorganisms [20]. There are few reports in the literature on the effect of 
surfactants on the movement of endosulfan in soils [21] but studies on the 
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adsorption of endosulfan on soils in the presence of aqueous surfactant 
solutions at different CMCs is not available in the literature. 
Hence, in the present investigation, an attempt has been made to study 
the adsorption of endosulfan on soils in the presence of aqueous solutions of 
cationic, nonionic and anionic surfactants of different CMCs (1/2 CMC, 
at CMC and 2 x CMC) by using batch adsorption technique. These studies 
will help in understanding the possible use of surfactants to solve the problems 
of soil contamination posed by endosulfan. 
3.2. EXPERIMENTAL 
3.2.1. Chemicals and Reagents : 
Endosulfan : 
(35% EC ; aqueous solubility 0.32 mg L'; log K^^  = 3.55) was obtained 
from M/S Northern Minerals Limited, Gurgoan (Haryana), India. 
E. Merck (India) Ltd. 
GR grade, E. Merck (India) Ltd. 
Glaxo (hidia) Ltd. 
BDH (India) Ltd. 
AR grade, CDH (P) Ltd., India. 
Pyridine 
Methanol 
Acetone 
Sodium Hydroxide 
n-hexane 
Pyridine Solution : 
4.0 mL of distilled water was added to 96 mL of pyridine (99% E. Merck, 
India, Ltd.). 
0.025 N Methanolic-Sodium Hydroxide Solution : 
4.0 g of sodium hydroxide was dissolved in methanol, cooled at room 
temperature, and was made up to 400 mL with methanol. The reagent is stable 
for several weeks and therefore stored. 
Pyridine-Methanolic Sodium Hydroxide Reagent : 
A 10 mL of the 0.025 N methanolic sodium hydroxide solution was added 
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to 50 mL of the pyridine solution. This reagent is stable for only 6 hours and 
was made just before use. 
Endosulfan Solution : 
A stock solution of endosulfan of 1000 |ig mL"' concentration was 
prepared by dissolving 0.2857 g of endosulfan (35% EC) in 100 mL of 
methanol. A 20 mL of this solution was diluted to 100 mL with methanol. 
Methanol was preferred solvent, showed no effect on surfactant solubilization; 
most higher alcohols could not be utilized since they affect CMC value 
significantly. 
Surfactant Solutions : 
Cationic, [ cetyl trimethyl ammonium bromide,(CTAB )], [nonionic, 
polyoxy ethylene sorbiton monolaurate, (Tween '20')] and anionic [sodium 
dodecyl sulphate, (SDS)] surfactant solutions of varying CMC values were 
prepared as mentioned in Chapter -II. 
3.2.2. Apparatus: 
Electrical Balance Varanasi Balance Works, Varanasi, India. 
Oil Bath 100±2«C 
Water Bath Scientronic, India. 
Electric Oven Tempo India Ltd. 
Sieves British Standard Sieves 
Stop Watch Racer Swiss made 
Centrifuge Backman L3 -50 Model Ultracentrifuge. 
Spectrophotometer Bausch and Lomb Spectronic "20", 
(U.S.A.). 
3.3.3. Collection of Soil Samples: 
Soil samples were collected from the cultivated fields at 0-30 cm 
depth with no background of pesticide application from village Lahrota of 
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district Aligarh, village Doiwala and Forest Research Institute (FRI) Farm of 
district Dehradoon (UP) , India, respectively. These soils were dried, crushed 
and seived and their physico-chemical properties such as mechanical 
composition (% sand, % silt, % clay), pH, percentages of organic carbon, 
organic matter, CaCO^ contents, cation exchange capacity (CEC) and surface 
area were determined by standard techniques and values obtained are 
summarized in Table 2.2 of Chapter-II. 
3.2.4. Preparation of Standard Curve of Endosulfan: 
For preparation of the standard curve (Figure 3.1) of endosulfan, 
Maitlen el al. [22] method was used in which varying volumes (0 to 5 mL) of 
endosulfan solution of concentration 10 i^g m L ' were pipetted in to a number 
of glass stoppered test tubes. These were then diluted to a volume of 10 mL 
with methanol and evaporated to dryness in the warm- water- bath using a gentle 
steam of air. The temperature of warm-water -bath was maintained at about 
50°C. The samples were removed from the bath and 5 mL of methanolic-sodium 
hydroxide pyridine solution was added and placed in the oil- bath for four 
minutes. After it was removed from the bath and placed in ice -water for 
1 minute (care was taken at this point to loosen the stoppers since cooling 
may cause them to freeze in the tubes). Pink colour persisted. The solution 
was decanted into 1- cm cuvette and the adsorbance was recorded within 
10 minutes at 520 nm, using reagent blank as a reference with the help of 
Bausch and Lomb Spectronic-'20' spectrophotometer. 
3.2.5. Adsorption Studies: 
Batch equilibrium isotherms for adsorption of endosulfan on soils 
in the presence and absence of cationic, nonionic and anionic surfactants 
solutions of different concentrations (1/2 CMC, at CMC and 2 x CMC) were 
performed by taking ten concentrations of endosulfan (100, 200, 300, 400, 
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500,600, 700, 800,900 and 1000 |ig) in 100 mL glass stoppered conical flasks. 
Total volume of each flask was made 20 mL by addition of requisite volume of 
methanol and aqueous surfactant solutions of different CMC values. To these 
solutions, 1 g of each soil was added and the suspensions were kept at 25 + \°C 
in an incubator for 24 hours, with a shaking period of three hours. The 
experiments were conducted in duplicate. Preliminary studies showed that there 
was no measurable increase in the adsorption of endosulfan on soils beyond 
24 hours in the presence and absence of surfactant solutions at varying CMCs. 
The suspensions were then centrifuged at 10,000 rpm for 10 minutes using a 
Backman L3- 50 model Ultracentrifuge and in the supernatants endosulfan 
was estimated spectrophotometrically [22]. The amount of endosulfan adsorbed 
was calculated as the difference between the initial endosulfan concentration 
and the equilibrium concentration, according to the following expression: 
(C^-CJV 
x/m = —"- '- (3.1) 
W 
Where x/m is the concentration of endosulfan in soil (jig g'), C^ is the initial 
endosulfan concentration (^ jig mL'), C^  is the fmal (equilibrium) endosulfan 
concentration (ng mL'), V is the solution volume and W is the weight of the 
soil. 
3.2.6. Evaluation of the Adsorbability Index (AI) of Endosulfan: 
The adsorbability index (AI) of endosulfan was evaluated from equation 
(2.5) by inserting the values of A and 1 for endosulfan as discribed in 
Chapter -II and AI value for endosulfan comes out to be 6.20. 
3.2.7. Evaluation of the First order Molecular Connectivity Index 
(Ix) of Endosulfan: 
The first order molecular connectivity index (Ix) of endosulfan was 
evaluated by substituting the AI value of endosulfan i.e. 6.20 in equation (2.6) 
from which a corresponding value of 6.512 was obtained. 
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3.3 RESULTS AND DISCUSSION 
Adsorption isotherms of endosulfan by soils in the surfactant- free and 
surfactant containing solutions at different CMC values are given in 
Figures 3.2 to 3.11 and Tables 3.1 to 3.30. These isotherms indicate that the 
greater amount of endosulfan was adsorbed by the silt loam soil followed by 
loam and sandy loam soils, both in surfactant- free and surfactant solutions at 
all CMCs. These results are attributed to the greater amount of organic matter, 
clay and CaCO, contents, the higher surface area and lower pH value of silt 
loam soil followed by loam and sandy loam soils (Table 2.2, Chapter -II ). 
Adsorption isotherms for both types of the systems (i.e. in the presence and 
absence of surfactants solutions of varying CMC values) are S -shaped [23] 
suggesting a low endosulfan - soil affinity at low concentrations. The initial 
curvature concavity varies from soil to soil, it is smaller in silt loam soil with 
high organic matter content and higher in sandy loam soil with low organic 
matter content of this fraction. The S - shaped isotherms also suggest that the 
adsorption of endosulfan was easier, probably due to the marked localization 
of forces of attraction over the (> S = O) group of endosulfan leading to an 
interaction with soil sites. 
In all cases, the adsorption data was described by the empirical Freundlich 
equation, i.e. 
l o g x / m - l o g K + 1 / n l o g C ^ (3.4) 
where K and 1/n are the constants relative to the affinity of the adsorbent for 
the adsorbate and to the degree of curvature of the isotherms, respectively. 
The K has dimensions |ig'"""ml''""'g"' while 1/n is dimensionless. In general 
the values of correlation coefficients, (r^), were greater than 0.92. The values 
of adsorption constants K and 1/n were estimated by linear regression of the 
log-trasformed data (Figures 3.12-3.21) and values obtained are listed in 
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Tables 3.31-3.33. The magnitude of K expresses the relative adsorption capacity 
for the adsorbate [24] for systems having comparable 1/n values and the extent 
or degree of adsorption, while the 1/n value indicates the degree of linearity 
[25] (1/n = 1) between the solution equilibrium concentration and adsorption. 
Thus, in addition to Freundlich constant, K, it was considered appropriate to 
use distribution coefficient, K ,^ as a measurement of soil adsorption capacity 
because it represents the relationships between the concentration of endosulfan 
in the soils and that in the equilibrium solution for a given equilibrium 
concentration. From the adsorption data, the statistical average of the 
distribution coefficient, K^ values for each soil, in surfactant free and 
surfactant solutions of different CMCs were calculated from the relation 
I ( x/m .C ) 
K^= ^ (3.5) 
z (c^  y 
The Kp values thus evaluated are tabulated in Tables 3.31-3.33. The 
sequence of K and K^^ values for the adsorption of endosulfan on soils was 
silt loam > loam > sandy loam, and confirmed the above order of adsorption 
both in surfactant- free and surfactant containing systems. The K and K^ values 
also confirm that the endosulfan adsorption on soils was higher in the presence 
of the cationic surfactant followed by the nonionic and anionic surfactant 
solutions at all CMCs values. 
3.3.1 Effect of the Cationic Surfactant (CTAB): 
The observed higher Freundlich constant, K, and partition coefficient, 
Kp, values for endosulfan at 1/2 CMC (Table 3.31) showed that the adsorption 
of endosulfan increases (Figures 3.4-3.6) than the surfactant- free system for 
all the three soils studied. This increase in K and Kj^  values may be due to the 
increased adsorption of endosulfan, because CTAB is cationic in nature and 
adsorbed (cation exchange) by the soils in the form of hemimicelle/ admicelle 
[26]. A marked increase in K and Revalues at CMC and 2 x CMC show that 
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Figure-3.12. Freundlich isotherms for adsorption of endosulfan 
on soils in surfactant- free aqueous solutions. 
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Figure-3.13. Freundlich isotherms for adsorption of endosulfan 
on silt loam soils in CTAB- free and aqueous CTAB 
solutions of different CMC values. 
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Figure-3.14. Freundlich isotherms for adsorption of endosulfan 
on loam soils in CTAB free and aqueous CTAB 
solutions of different CMC values. 
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Figure-3.15. Freundlich isotherms for adsorption of endosulfan 
on sandy loam soils in CTAB- free and aqueous CTAB 
solutions of different CMC values. 
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Figure-3.16. Freundlich isotherms for adsorption of endosulfan 
on slit loam soil in Tween '20'- free and aqueous 
Tween '20' solutions of different CMC values. 
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Figure-3.17. Freundlich isotherms for adsorption of endosulfan 
on sandy loam soils in Tween '20'- free and aqueous 
Tween '20' solutions of different CMC values. 
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Figure-3.18. Freundlich isotherms for adsorption of endosulfan 
on sandy loam soils in Tween '20'- free and aqueous 
Tween '20' solutions of different CMCs. 
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Figure-3.19. Freundlich isotherms for adsorption of endosulfan 
on slit loam soils in SDS- free and aqueous SDS 
solutions of different CMCs. 
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Figure-3.20. Freundlich isotherms for adsorption of endosulfan 
on loam soils in SDS- free and aqueous SDS solutions 
of different CMCs. 
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Figure-3.21. Freundlich isotherms for adsorption of endosulfan 
on sandy loam soils in SDS- free and aqueous SDS 
solutions of different CMCs. 
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endosulfan adsorption was markedly increased with respect to 
surfactant -free systems for soils.This may be due to the fact that at higher 
concentrations, the amount of CTAB absorbed by the soils must be greater 
than at 1/2 CMC together with the fact that the adsorption capacity of CTAB in 
miceller form is greater than monomer form. Similar results were reported 
by Iglesias - Jimenez et al. [16] while studying the effect of surfactants on 
pesticides adsorption in a soil - water system. The increased values log K^^  
for endosulfan at all CMC values to that of surfactant free- system for all three 
soils (Table 3.31) suggest that cationic surfactant can be used to promote 
hydrophobic organic compounds adsorption on soils. Similar conclusions were 
drawn by Wagner et al.{21] while studying the effect of dodecyl pyridinium 
bromide on sorption and migration of chlorobenezenes on a low organic carbon 
aquifer material. 
3.3.2. Effect of the Nonionic Surfactant (Tween '20' ) : 
The adsorption isotherms (Figures 3.7-3.9) represent the endosulfan 
adsorption on soils in Tween '20' free and aqueous Tween '20' solutions at 
different CMCs. The addition of nonionic surfactant at low concentration 
(1/2 CMC) to the soil - endosulfan - water systems gives rise to an increased 
K and Revalues (Table 3.32 ) with respect to surfactant- free systems, show 
that the adsorption of endosulfan increased on all three soils studied. This 
increase in endosulfan adsorption on soils is probably due to the dispersion of 
soil particles by surfactant [28] in the adsorption experiments increasing the 
number of available adsorption sites rather than to an interaction between 
Tween '20' and endosulfan molecules. The presence of surfactant at 
concentrations equal to CMC and 2 x CMC, produced a significant decrease in 
K and K^^values (Table 3.32), showed a decrease in adsorption when compared 
with surfactant free- systems. The decrease in adsorption may be due to the 
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fact that at CMC and 2 x CMC, the proportion of surfactant micelles adsorbed 
out of the total amount of solution is much smaller than at 1/2 CMC. This may 
also occur at high surfactant concentration as the surfactant micelles can 
compete and partly replace the free endosulfan molecules adsorbed on soil 
surfaces [29]. These molecules would be incorporated into micelles in the 
solution phase decreasing endosulfan adsorption. The results are in accordance 
with the work of Aronstein et al. [30] and Sun et al. [15] who studied the effect 
of nonionic surfactants on adsorption, desorption, mobility and biodegradation 
of hydrophobic organic compounds in soils. The decrease in log K^^ values 
for endosulfan at CMC and 2 x CMC with respect to surfactant- free systems 
for soils may be due to enhancement of endosulfan solubilization at these 
concentrations while a slight increase at 1/2 CMC may be due to dispersion of 
soil particles which increased the number of adsorption sites available for 
endosulfan adsorption. The results are in accordance with the work of 
Sun et al. [15] who studied the sorption of nonionic organic compounds in 
soil-water system in presence of micelle forming surfactants. 
3.3.3. Effect of the Anionic Surfactant (SDS): 
Figures 3.10-3.12 depict the effect of anionic surfactant (SDS) at 
different concentrations (1/2 CMC, CMC and 2 x CMC) on the endosulfan 
adsorption on soils. At low concentration, (1/2 CMC), a slight increase in K 
and Kp values while at CMC and 2 x CMC, a marked decrease in K and K^ 
values with respect to surfactant- free systems (Table 3.33) show that 
endosulfan adsorpti on was slightly increased at 1/2 CMC and markedly 
decreased at CMC and 2 x CMC for all three soils studied. The increase in 
endosulfan adsorption at 1/2 CMC may be due to the fact that inspite of its 
anionic character, the SDS monomers are adsorbed by the soils in the form of 
hemimicelles / admicelles (monomers adsorbed on soil surface) which in tern 
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TABLE-3.31. PARAMETERS FOR ENDOSULFAN ADSORPTION ON SOILS FROM 
CATIONIC SURFACTANT (CTAB) FREE AND AQUEOUS C A T I O N I C SURFACTANT 
(CTAB) SOLUTIONS OF DIFFERENT C M C VALUES 
Parmameter 
K 
1/n 
r^  
Ko 
Kc 
K 
om 
logK 
° om 
Soils 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
No Surfactant 
O C M C 
79 43 
41 68 
28 84 
0 94 
1 00 
1 11 
0 97 
0 97 
0 98 
66 39 
51 61 
40 29 
358 86 
302 52 
575 57 
3073 61 
5864 77 
7068 42 
3 49 
3 77 
3 85 
CTAB containing systems 
1/2 CMC 
109 00 
77 62 
51 28 
0 88 
1 00 
1 00 
0 95 
0 96 
0 98 
75 80 
60 35 
50 72 
409 73 
353 75 
724 57 
3509 25 
6857 95 
8898 24 
3 55 
3 84 
3 94 
CMC 
138 09 
91 20 
83 17 
0 88 
0 96 
0 87 
0 93 
0 95 
0 93 
88 95 
69 43 
57 65 
480 81 
406 97 
823 57 
4118 05 
7889 77 
1011403 
3 61 
3 89 
4 0 1 
2XCMC 
194 98 
154 88 
109 64 
0 80 
0 93 
0 86 
0 92 
0 92 
0 92 
114 98 
85 27 
68 66 
621 51 
499 22 
980 85 
5323 14 
9689 77 
12045 61 
3 72 
3 98 
4 08 
K^= Kj^ x % Clay content, K = K x % Organic matter content 
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TABLE 3.32. PARAMETERS FOR ENDOSULFAN ADSORPTION ON SOILS FROM NON-
IONIC SURFACTANT (TWEEN '20') FREE AND NON-IONIC SURFACTANT 
(TWEEN '20') AQUEOUS SOLUTIONS OF DIFFERENT C M C VALUES 
Parmameter 
K 
1/n 
r^  
Ko 
Kc 
K 
om 
logK 
Soils 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
No Surfactant 
OCMC 
79.43 
41.68 
28.84 
0.94 
1.00 
1.11 
0.97 
0.97 
0.98 
66.39 
51.61 
40.29 
358.86 
302.52 
575.57 
3073.61 
5864.77 
7068.42 
3.49 
3.77 
3.85 
Tween '20' 
1/2 CMC 
93.32 
68.18 
45.70 
0.92 
0.91 
1.10 
0.96 
0.96 
0.97 
71.31 
56.84 
45.38 
385.46 
333.18 
648.28 
3301.38 
6459.09 
7961.40 
3.52 
3.81 
3.90 
containing systems 
CMC 
69.18 
34.67 
15.84 
0.97 
1.04 
1.18 
0.96 
0.97 
0.98 
56.23 
42.79 
30.62 
303.95 
250.82 
437.43 
2603.24 
4862.50 
5371.92 
2.42 
3.69 
3.73 
2XCMC 
45.70 
31.62 
11.48 
1.04 
1.04 
1.20 
0.97 
0.97 
0.99 
46.17 
30.84 
23.30 
249.56 
180.77 
332.85 
2137.50 
3504.54 
4087.22 
3.33 
3.54 
3.61 
Kp= KpX % Clay content; K = K x % Organic matter content. 
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TABLE -2.33. PARAMETERS FOR ENDOSULFAN ADSORPTION ON SOILS FROM 
ANIONIC SURFACTANT ( S D S ) FREE AND ANIONIC SURFACTANT ( S D S ) AQUEOUS 
CTAB SOLUTIONS OF DDTERENT CMC VALUES 
Parmameter 
K 
1/n 
r^  
Ko 
Kc 
K 
om 
logK 
'-' om 
Soils 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
No Surfactant 
OCMC 
79.43 
41.68 
28.84 
1.00 
1.00 
1.11 
0.97 
0.97 
0.98 
66.39 
51.61 
40.29 
358.86 
302.52 
575.57 
3037.61 
5864.77 
7068.42 
3.49 
3.77 
3.85 
SDS containing systems 
1/2 CMC 
87.09 
63.09 
38.81 
0.91 
1.00 
1.08 
0.96 
0.96 
0.97 
68.46 
54.41 
43.55 
370.05 
318.93 
622.14 
3169.44 
6182.95 
7640.35 
3.50 
3.79 
3.88 
CMC 
41.68 
31.62 
13.80 
1.04 
1.00 
1.16 
0.98 
0.96 
0.98 
53.39 
28.91 
23.31 
288.59 
169.46 
333.00 
2471.75 
3285.22 
4089.47 
3.39 
3.51 
3.61 
2XCMC 
33.11 
22.90 
7.76 
1.04 
1.00 
1.33 
0.99 
0.97 
0.99 
35.82 
23.15 
18.53 
193.62 
135.69 
264.71 
1685.33 
2630.68 
3250.87 
3.22 
3.42 
3.51 
Kp= KpX % Clay content; K^^  = Kj^  ^  % Organic matter content. 
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retain the endosulfan molecules by hydrophobic interaction and increase the 
adsorption. A rapid decline in adsorption of endosulfan on soils at CMC and 
2 X CMC values may be due to the fact that at these concentrations, the SDS 
micelles are formed and solubilization of endosulfan increases considerably 
due to partitioning of endosulfan in to SDS micelles. The decrease in log K^ ^ 
values with increase in SDS concentrations (CMC and 2 x CMC) with respect 
to surfactant- free systems (Table 3.33) suggests that SDS does enhance the 
endosulfan solubility in the studied suspensions and the affinity of endosulfan 
to SDS micelles is higher than to the soils studied. The results are in conformity 
with the work of several researchers [26, 31-35] who studied the effect of 
certain anionic surfactants on the adsorption, partitioning and solubilization 
of nonionic organic compounds. 
The affinity of the endosulfan towards organic matter content, K^^ , 
and clay content, K ,^ of the soils was evaluated by the equations proposed by 
Grestl [36] and later used by Singh [11]. The values thus obtained are listed in 
Tables 3.31-3.33. These important parameters provide an assessment of 
environmental fate of the organic chemicals. They provide an indication of 
the extent to which chemical partitioning occurs between the solid and solution 
phases in the soil and suggest whether the chemical is likely to leach through 
the soil or be rendered immobile. The affinity of endosulfan towards the organic 
matter and clay contents of the soils may be compared using such K^_^  and K^  
values. In the present study, sandy loam soil exhibited higher K^  values 
followed by loam and silt loam soils. This is common for soils with low organic 
matter content ( Table 2.2 , Chapter -11 ). This tendency was due to the fact 
that mineral phase may make a significant contribution to adsorption [37]. In 
the piesent study, endosuKan adsorption could be better correlated to the clay 
content of the soils rather than the content of organic matter although the latter 
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TABLE 3.34. COMPARISON OF THE PREDICTED LOG K VALUES OBTAINED 
OM 
FROM EQUATIONS (2 .6 ) - (2 .13) WITH AVERAGE OF EXPERIMENTALLY 
OBSERVED VALUES OF LOG K OF ENDOSULFAN ADSORPTION ON SOILS 
OM 
Average 
Experimental 
logK 
3.70 
Predicted value 
logK 
3.67 
4.37 
3.08 
3.23 
3.30 
3.99 
4.07 
4.13 
A' 
-0.03 
-0.67 
0.62 
0.47 
0.40 
-0.29 
-0.37 
-0.43 
% Error" 
-0.81 
-18.10 
16.75 
12.70 
10.81 
-7.84 
-10.00 
-11.56 
' A = Experimental log K - Predicted log K 
'%Error = Ll 4 Predicted log K 
Experimental log K 
X looj 
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is responsible for the high K^_^  values. Similar results have been reported by a 
number of other workers [11,38] . 
In addition to experimental determination of log K^ ^ values, the 
predicted log K values for endosulfan were determined by substituting the 
aqueous solubility S (mg mL'),aqueous solubility WS (mg L"'), 1- octanol/ 
water partition coeiffiecient (K^^), adsorbability index (Al) and first order 
molecular connectivity index (Ix) of endosulfan in equations (2.9)- (2.16) of 
Chapter - II and corresponding data being listed in Table 3.34. 
On examination of Table 3.34 it will be seen that the log K values of 
*-' om 
of endosulfan obtained from the 1- octanol/ water partition coefficient (K^ )^ 
were considerably in error compared to those measured experimentally. 
However, when aqueous solubility, adsorbability index (AI) and first order 
molecular connectivity index (Ix) were employed, the predicted log K^ ^ values 
were very close to those observed experimentally. Hence, the aqueous 
solubility, the first order molecular connectivity index (Ix) and the 
adsorbability index (AI) are the better parameters for predicting the adsorption 
behaviour of endosulfan than 1- octanol/ water partition coefficient (K^ )^ of 
endosulfan. 
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4.1. INTRODUCTION 
Considerable amount of work has been done on the adsorption and 
movement of pesticides in soils [1-4]. Literature on these aspects has been 
reviewed by Bailey and White [5], by Helling [6] and by Cheng [7]. Soil thin-
layer chromatography, (TLC) technique was introduced by Helling and Turner 
[8] as a technique useful for rapid, reproducible, and inexpensive assessment 
of pesticide mobility with autoradiography of radioactive pesticides. Recently, 
several researchers [9-11] have used this technique successfully to characterize 
the mobility of a large number of pesticides in soils under different 
environmental conditions and have shown the probability of ground water being 
polluted by transporting of pesticides. Therefore, there is a need to study the 
movement of pesticides in soils under different conditions. Hence, in the 
present investigation, an attempt has been made to study the effect of water 
and solvent flux, pH, organic matter and different volume fractions of 
cosolvents ( acetone and methanol ) on the movement of carbofuran 
(2,3- dihydro-2, 2- dimethyl-7- benzofuranyl methyl carbamate), chlorpyrifos 
(0 ,0- diethyl 0 -3 , 5,6- trichloro-2- pyridyl phosphorothioate) and endosulfan 
(6,7,8,9,10,10- hexachloro-l,5,5a,6,9,9a hexahydro 6,9- methano 2,4,3-
benzo'diaxathiopin- 3- oxide) in three different types of soils. The results 
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obtained should help in understanding the behaviour of pesticides in presence 
of above factors and may prove useful in accessing near source pesticides 
movement/ transport in soil in the event of spillage or discharge of organic 
waste containing water soluble solvents. 
4.2. EXPERIMENTAL 
4.2.1. Chemicals and Reagents: 
BDH (India) Ltd. 
Glaxo (India) Ltd. 
BDH (India) Ltd. 
GR grade, E. Merck (India) Ltd. 
Glaxo (India) Ltd. 
Hydrogen peroxide (30%) 
Hydrochloric acid 
Sodium hydroxide 
Methanol 
Acetone 
Methanolic Iodine Solution (5%) : 
5.0 g of iodine (Glaxo India Ltd.) was dissolved in 100 mL of methanol. 
Methanolic KOH Solution (5%) : 
5.0 g of potassium hydroxide (CDH Pvt. Ltd. India) was dissolved in 100 
mL of methanol. 
p-Nitrobenzene Diazonium Tetra Fluoroborate Solution (0.10 %) : 
0.10 g of p-nitrobenzene diazonium tetra fluoroborate (AR grade, E. 
Merck, Germany) was dissolved in 100 mL of methanol. 
Carbofuran Solution (1000 ngmL*) : 
Carbofuran solution of concentration 1000 |ig mL ' was prepared by 
dissolving 0.1010 g of carbofuran (99% purity, Rallis Agrochemical Station, 
Banglore, India) in 100 mL of methanol. 
Chlorpyrifos Solution (1000 ng mL ») : 
Chlorpyrifos solution of concentration 1000 ^g mL"' was prepared by 
dissolving 0.50 g of chlorpyrifos (20% EC, Lupin Agrochemicals India Limited, 
Mumbai, India) in 100 mL of methanol. 
193 
Endosulfan Solution (1000 ^g mL >) : 
Endosulfan solution of concentration 1000 |xg mL' was prepared by 
dissolving 0.2857 g of endosulfan (35% EC, Northern Minerals Limited, 
Gurgaon, Haryana , India) in 100 mL of methanol. 
The selected properties of carbofuran, chlorpyrifos and endosulfan are 
given in Table 4.1. 
4.2.2. Apparatus : 
pH Meter (Digital) 
Mortar with Rubber Coverted Pestle 
Glass Plates (20 x 20 cm size) 
Systronics, India. 
TLC Glass Tank 
TLC Kit with Applicator 
Borosil, India. 
Borosil, India. 
Blue line Thin Layer 
Chromatography Model GLC 2, 
Gargya Research Instruments, 
India. 
4.2.3. Collection of Soil Samples: 
The surface soil samples used for these studies are the same as described 
in Table 2.2 Chapter - II . 
4.2.4 Soil TLC Studies : 
Clean glass plates (20 x 20 cm^ size) were coated with water slurry 
of soil samples (0.5 mm thickness) with the help of the TLC spreader. The 
plates were dried at room temperature and then activated at 100 - 105"C in an 
oven for half an hour. After activating the plates, two lines at 3 and 13 cm 
above the base were scribed to maintain the standard development distance of 
10 cm. A 10 [iL of methanolic solutions of carbofuran, chlorpyrifos and 
endosulfan of 1000 jigL' concentration were applied as spots on the soil 
TLC plates, with the help of a lambda pipette, 3 cm above the bottom of the 
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TABLE-4.1 . SELECTED PROPERTIES OF PESTICIDES 
Pesticide 
Cabofuran 
Chlorpyrifos 
Eodosulfan 
Formula & 
Chemical name 
Cn.H.,N03 
[2,3-dihydro-2,2-
dimethyl 
-7-bezofuranyl 
methyl carbamate] 
C,H„Cl3N03 PS 
[0,0-diethyl-O-
3,5,6-trichloro-
2-pyridyl phos-
phorothioate] 
[(1,4,5,6,7,7-
hexachloro-8, 
9,10-trinoborn-
5 en 2,3-xylene 
bis methylene) 
sulphate] 
M.W. 
221.3 
350.6 
406.9 
Solubility 
in water 
700 mgL' 
2.0 mgL' 
0.32 mg/L' 
Solubility 
in acetone 
150 g L ' 
6.5 Kg/Kg 
0.33 g/L' 
Solubility 
in methanol 
118.7gL' 
450g/Kg 
0.11 g/L' 
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plates. A 2 cm wide strip of paper towel moistened with distilled water, was 
wrapped around the bottom of the plates. The loaded plates were dried and 
eluted with distilled water by ascending chromatography in the glass tank. The 
developed plates were air dried at room temperature and carbofuran was 
detected by spraying the plates with 5%methanolic KOH solution followed by 
0.1% solution of p-nitrobenzene diazonium tetrafluoroborate. Violet coloured 
spots indicated carbofuran. The dark brown spots of chlorpyrifos and endosulfan 
were detected by spraying the spoted developed dried plates with 5% methanolic 
solution of iodine. The movement of pesticides was expressed in terms of 
frontal R (^Rpj-), R^ , R^ and R^ ^ values as: 
Distance moved by the spot 
R p p = 
Distance moved by the developer 
R. = 
RB = 
2 
Distance moved by the bottom of the spot 
Distance moved by the developer 
and for high degree of reproducibility, the results were discussed on the basis 
of Rj^ , values [12] because Rj^ j values are considered as standard and are obtained 
by relation 
R,, = l o g ( l / R , - l ) 
4.2.4.1. Water and Cosolvent Flux : 
To study the water flux or rate of water movement, the cosolvent 
flux or rate of cosolvent movement in soils as a factor, two different 
approaches such as mechanical (physical), and solvent modifications have been 
used. Physical modification was done by changing the plate angles i.e. 45", 
60", 90" angles in the glass tank while that of solvent modification was done 
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by eluting the soil TLC plates in different volume fractions {f^= 0.25 , 0.50 
f^ , 0.75 f^  and 1.0 f^ ,) of cosolvents. 
4.2.4.2. Study of the Effect of Organic Matter on the Movement 
of Pesticides in Soils: 
To study the effect of organic matter on the movement of pesticides, 
organic matter destroyed soil TLC plates were prepared and used as static 
phase. The organic matter was destroyed from the soils by treating them with 
30% HPj as proposed by Black [13]. Since it was difficult to get rid of organic 
matter completely, attempts were made to remove it to the maximum possible 
(85%) extent from the soils by treating them with 30% HjOj, for the studies 
dealing with its effect on pesticide movement. 
4.2.4.3. Study of the Effect of pH on the Movement of Pesticides in Soils: 
To study the effect of pH, soil TLC plates spotted with pesticides were 
developed in distilled water of original pH 7 and pH adjusted to 4 and 10 with 
0.1M HCl and 0.1M NaOH, respectively. 
4.2.4.4. Study of the Effect of Cosolvents (Acetone and Methanol) on the 
Movement of Pesticides in Soils: 
The effects of different volume fractions (f^  = 0.25,0.50,0.75 and 
1.00) of cosolvents (acetone and methanol) on the movement of pesticides 
were studied by eluting the natural soil TLC plates loaded with pesticides in 
solutions of different volume fractions of cosolvents. All these effects were 
studied by placing the soil TLC plates in the glass tank at 45"plate angle. 
4.3.RESULTS AND DISCUSSION 
When natural soil TLC plates spotted with pesticides were developed 
in distilled water by placing the plates at 45'',60" and 90'' plate angles in the 
TLC glass tank, the rate of water movement or flux was increased by reducing 
the plate angles (Figure 4.1). Movement of water and various cosolvents of 
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Figure-4.1. A plote of time versus square of the distance travelled 
by the distilled water in soil TLC plates. The slope of 
these curves gives the values of penetrability (K). 
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TABLE-4.2. WATER AND COSOLVENT FLUX OR PENETRABILITY(K) AT 
DIFFERENT F VALUES OF COSOLVENTS IN SOILS 
Soils 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Distilled 
water 
1.40 
0.66 
0.70 
1.40 
0.66 
0.70 
Volume 
0.25 
1.25 
0.57 
0.66 
1.15 
0.42 
0.46 
fractions of cosolvents (f^) 
0.50 0.75 1.00 
Acetone -water mixtures 
1.08 0.95 0.88 
0.47 0.40 0.28 
0.53 0.45 0.30 
Methanol -water mixtures 
1.02 0.90 0.83 
0.40 0.31 0.25 
0.42 0.35 0.28 
TABLE-4.3. PESTICIDE MOBILITY CLASSIFICATION FOR SOIL T L C 
PLATES ACCORDING TO HELLING AND TURNER, 1968 
Class 
1 
2 
3 
4 
5 
Frontal R^  range 
0.00-0.09 
0.10-0.34 
0.35-0.64 
0.65-0.89 
0.90-1.00 
Description 
Immobile 
Low mobile 
Intermediate mobile 
Mobile 
Very mobile 
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different volume fractions (f, = 0.25, 0.50,0.75,1.00) obeyed a basic principle 
i.e. the distance travelled by the solvent front is a linear function of the square 
root of time and expressed as: 
x = Kt"2 + C (4.1) 
Where 'x' is the position of solvent front (cm) at time 't' (minutes). The 
value of K were obtained by plotting a graph between time (t) versus square of 
the distance travelled by the developer (x) (Figures 4.1 - 4.3 ). The slope K 
(cm /min "^) is equivalent to term "penetrability" reflecting infiltration of 
fluids in to porous media. Values obtained are summarized in Table 4.3. The 
values of K depend upon the characteristics of both soil and solvent. Equation 
(4.1) is also equivalent to the expression cited by Brenner et al. [ 15] for solvent 
movement in thin-layer chromatography i.e. 
Z / = a + b t (4.2) 
Where Z^=x and b' - = K. Experimentally, the contribution of constant 'C in 
equation (4.1) and 'a' in equation (4.2) was usually insignificant. On examination 
of Table 4.3, the order of water penetrability, K, followed the order as sandy 
loam > loam > silt loam soil and shows that development time, is faster in 
sandy loam soil followed by loam and silt loam soils. This probably may be 
due to the differences in the textural and other properties of the soils 
Table 2.2 ofChapter - I I . 
The effect of organic matter, pH, and cosolvents (acetone and 
methanol) at various f^. values, on the movement of the pesticides in soils 
were expressed in terms of frontal R^  (Rpp), Rp Rg and Rj^ ^ values (average of 
three repetitions) and are summarized in Tables 4.4 - 4.8. On the basis of R^  
values the movement of pesticides follows the order as: carbofuran > 
chlorpyrifos > endosulfan in soils. The above order of pesticides movement is 
directly proportional to aqueous solubilities, polarities and carbon numbers 
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and inversely related to the molecular weights of the pesticides (Table 4.1). 
Similar results were reported by Gustafson and Paleos [15] who studied the 
effect of solubility, polarity, molecular weight, structure and number of 
functional groups of certain solutes on the movement. When relative mobilities 
of pesticides were compared according to pesticide mobility classification of 
[8] of TLC plates (Table 4.3), the carbofuran and chlorpyrifos were mobile in 
sandy loam soil while that of intermediate mobile in loam and silt loam soils. 
As for as endosulfan is concerned, it was intermediate mobile in all the three 
soils studied. 
4.3.1. Effect of Organic Matter on the Movement of Pesticides in Soils: 
When organic matter removed soils ( to a maximum of 85% removal) 
were used as adsorbents and distilled water as developer, the R^^  and R^  values 
were increased while R ,^ values were reduced in all the soils (Table 4.5). This 
might be due to the fact that destruction of organic matter from the soils 
decreased the adsorbing capacity of the soils. Similar results were reported by 
Helling and Turner [8] and Singh et al. [18]. 
4.3.2. Effect of pH on the Movement of Pesticides In Soils: 
The results on the changes in the pH of the developers on the 
movement of pesticides through soils are given in Table 4.6. The general trend 
has been a decrease in R__ and R, values and increase in R., values with a 
decrease in pH for all the soils. On the basis of R^ . values, the movement follows 
the order as: pH 10 > pH 7 > pH 4. A marked decrease in the movement of 
pesticides was observed at pH 4. The change in the behaviour of pesticides at 
different pH values of leachates was due to the differences in the adsorptive 
nature of pesticides at different pH values under study. Higher adsorption thus 
results in the lower mobility of pesticides in acidic leachates due to 
protonation than neutral and alkaline leachates [16-18]. According to the 
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TABLE-4.4. MOVEMENT OF PESTICIDES IN NATURAL SOILS ELUTED 
WITH DISTILLED WATER. MOVEMENT EXPRESSED IN TERMS OF R^^, R^ 
Rg, AND R ^ VALUES 
Pesticides 
Carbofuran 
Chlorpyrifos 
Endosulfan 
A= Sandy loan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
1 soil 
R 
FF 
0.85 
0.60 
0.66 
0.65 
0.50 
0.56 
0.56 
0.40 
0.44 
B= Silt loam 
Rr 
0.425 
0.30 
0.33 
0.325 
0.25 
0.28 
0.28 
0.20 
0.22 
soil C 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
= Loam soil 
K 
0.131 
0.367 
0.307 
0.317 
0.477 
0.410 
0.410 
0.602 
0.549 
REMOVED SOILS ELUTED WITH DIST ILLED WATER. MOVEMENT 
EXPRESSED IN TERMS OF R , R^ R„, AND R», VALUES 
FF' r B' ^ 
M 
Pesticides 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
R 
FF 
0.92 
0.76 
0.80 
0.83 
0.56 
0.66 
0.72 
0.45 
0.54 
Rr 
0.46 
0.38 
0.40 
0.415 
0.28 
0.33 
0.36 
0.225 
0.27 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
RM 
0.069 
0.212 
0.176 
0.149 
0.410 
0.307 
0.249 
0.537 
0.431 
A - Sanay loam soil B = Silt loam soil C = Loam soil 
204 
TABLE- 4.6. EFFECT OF PH ON THE MOVEMENT OF PESTICIDES IN 
SOILS USING DIFFERENT P H LEACHATES. MOVEMENET EXPRESSED IN 
TERMS OF R , R^ R AND R VALUES 
FF' F B M 
Pesticides 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
R 
rr 
0.64 
0.52 
0.60 
0.34 
0.30 
0.32 
0.28 
0.23 
0.25 
0.85 
0.60 
0.66 
0.65 
0.50 
0,56 
0.56 
0.40 
0.44 
1.00 
0.85 
0.90 
1.00 
0.82 
0.86 
0.80 
0.54 
0.60 
Rr 
At pH 4 
0.32 
0.26 
0.30 
0.17 
0.15 
0.16 
0.14 
0.115 
0.125 
AtpH 7 
0.425 
0.30 
0.33 
0.325 
0.25 
0.28 
0.28 
0.20 
0.22 
At pH 10 
0.50 
0.425 
0.45 
0.50 
0.41 
0.43 
0.40 
0.27 
0.30 
RB 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
RM 
0.327 
0.454 
0.367 
0.688 
0.753 
0.720 
0.788 
0.886 
0.845 
0.131 
0.367 
0.307 
0.00 
0.477 
0.410 
0.410 
0.602 
0.549 
0.000 
0.131 
0.087 
0.000 
0.158 
0.122 
0.176 
0.431 
0.367 
A= Sandy loam soil; B= Silt Loam soil C= Loam soil 
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mobility classification [8], at pH 4 carbofuran was intermediate mobile and 
chlorpyrifos and endosulfan were low mobile in all the three soils. At pH 7 
chlorpyrifos and endosulfan were intermediate mobile in all the three soils 
while that of carbofuran was mobile in sandy loam and loam soils and 
intermediate mobile in silt loam soil. At pH 10 carbofuran was very mobile in 
sandy loam and loam soils and mobile in silt loam soil, chlorpyrifos was very 
mobile in sandy loam soil and mobile in loam and silt loam soils and endosulfan 
was mobile in sandy loam soil and intermediate mobile in loam and silt loam 
soils. 
4.3.3. Effect of Cosolvents (Acetone and Methanol) on Movement of 
Pesticides in Soils: 
To study the effect of cosolvents on the movement of carbofuran, 
chlorpyrifos and endosulfan in soils, acetone and methanol were used as 
cosolvents. Both the cosolvents are completely miscible in water and expected 
to be found in waste streams from industrial waste and represent extreme 
classes of polarity. Acetone is a proton acceptor while methanol is proton 
donor. The role of cosolvents on the movement of pesticides was studied by 
eluting the pesticides spotted soil TLC plates with different volume fractions 
( f =0.25, 0.50, 0.75 and 1.00) of acetone and methanol. The values of R^ ,^ 
Rp Rg and Rj^  are tabulated in Tables 4.7 - 4.8. Increasing the concentration of 
acetone and methanol in the mobile phase, resulted in higher values of R^^ , R^ 
and Rg and decrease in R^^ values, showed increase in movement of pesticides. 
As the volume fraction of acetone and methanol increases in the mobile phase, 
continually become better solvents for pesticides and hence a strong solute-
solvent interaction occurred resulting in a decreasing adsorption of pesticides. 
The soil TLC experiments here illustrated the role of solute- solvent interaction 
indicating the degree of adsorption of pesticides. The results are in accordance 
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TABLE-4.7. EFFECT OF CONSOLVENT (ACETONE) ON THE MOVEMENT 
OF PESTICIDES IN SOILS. MOVEMENT EXPRESSED IN TERMS OF R^p, 
Rp, Rg AND R ^ VALUES 
Pesticides 
Carbofuran 
" 
Chlorpynfos 
Endosulfan 
Carbofuran 
Chlorpynfos 
Endosulfan 
Carbofuran 
Chlorpynfos 
Endosulfan 
Carbofuran 
Chlorpynfos 
Endosulfan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
R 
rr 
0 96 
0 80 
0 84 
0 90 
0 75 
0 78 
0 86 
0 64 
0 70 
0 90 
0 90 
0 80 
0 97 
0 80 
0 84 
0 90 
0 78 
0 80 
1 00 
0 90 
0 85 
1 00 
0 95 
0 90 
1 00 
0 86 
0 90 
1 00 
1 00 
0 90 
1 00 
1 00 
1 00 
0 95 
0 90 
0 90 
R . 
At 0.25 fj, 
0 48 
0 40 
0 42 
0 45 
0 375 
0 39 
0 43 
0 32 
0 35 
At 0.50 fj. 
0 75 
0 65 
0 70 
0 85 
0 65 
0 73 
0 45 
0 39 
0 40 
At 0.75 f^  
0 80 
0 675 
0 73 
0 88 
0 75 
0 80 
0 50 
0 43 
0 45 
At 1.00 fj. 
0 88 
0 75 
0 80 
0 925 
0 875 
0 90 
0 80 
0 70 
0 75 
R B 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 60 
0 40 
0 60 
0 73 
0 50 
0 62 
0 00 
0 00 
0 00 
0 60 
0 45 
0 61 
0 76 
0 55 
0 70 
0 00 
0 00 
0 00 
0 76 
0 50 
0 70 
0 85 
0 75 
0 80 
0 65 
0 50 
0 60 
K 
0 034 
0 176 
0 140 
0 087 
0 221 
0 194 
0 122 
0 327 
0 268 
-0 477 
-0 268 
-0 367 
-0 753 
-0 268 
-0 431 
0 087 
0 194 
0 176 
-0 602 
-0 317 
-0 431 
-0 865 
-0 477 
-0 602 
0 000 
0 122 
0 087 
-0 865 
-0 477 
-0 602 
-1 091 
-0 845 
-0 954 
-0 602 
-0 367 
-0 477 
A= Sandy loam soil B= Silt loam soil C= Loam soil 
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TABLE- 4.8. EFFECT OF COSOLVENT (METHANOL) ON THE MOVEMENT 
OF PESTICIDES IN SOILS. MOVEMENT EXPRESSED IN TERMS OF R 
Rj, Rg AND R^ VALUES 
FF' 
Pesticides 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
R 
0 92 
0 78 
0 80 
0 86 
0 60 
0 66 
0 80 
0 56 
0 60 
1 00 
0 90 
0 94 
0 90 
0 64 
0 76 
0 88 
0 60 
0 64 
1 00 
0 90 
0 86 
1 00 
0 95 
0 95 
0 96 
0 66 
0 72 
1 00 
0 90 
0 80 
1 00 
0 95 
0 94 
1 00 
0 80 
0 86 
Rr 
At 0.25 f^  
0 46 
0 39 
0 40 
0 43 
0 30 
0 33 
0 40 
0 28 
0 30 
At 0.50 fj 
0 50 
0 45 
0 47 
0 80 
0 47 
0 57 
0 44 
0 30 
0 32 
At 0.75 f^  
0 70 
0 62 
0 63 
0 85 
0 675 
0 685 
0 48 
0 33 
0 36 
At 1.00 fj 
0 78 
0 66 
0 70 
0 87 
0 70 
0 78 
0 50 
0 40 
0 43 
RB 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 70 
0 30 
0 38 
0 00 
0 00 
0 00 
0 40 
0 34 
0 40 
0 70 
0 40 
0 42 
0 00 
0 00 
0 00 
0 56 
0 42 
0 60 
0 74 
0 45 
0 62 
0 00 
0 00 
0 00 
K 
0 069 
0 194 
0 176 
0 122 
0 367 
0 307 
0 176 
0410 
0 367 
0 000 
0 087 
0 052 
-0 602 
0 052 
-0 122 
0 104 
0 367 
0 327 
-0 367 
-0 212 
-0 231 
-0 753 
-0317 
-0 337 
0 034 
0 307 
0 249 
-0 549 
-0 288 
-0 367 
-0 825 
-0 367 
-0 549 
0 000 
0 176 
0 122 
A= Sandy loam soil B= Silt loam soil C= Loam soil 
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with the work of Hassett et al. [19] who used soil TLC and studied the influence 
of increasing ethanol content on the movement of a-naphthol in aqueous 
systems. They reported that as the percentage of ethanol increased, the 
movement of pesticides also increased which indicated the decrease in 
adsorption of the organic compounds. Similar results were reported by Singh 
and Raj Kumar [11] while studying the role of various volume fractions of 
organic cosolvents ( acetone and methanol ) on the movement of synthetic 
pyrethroids in soils. The theoretical approach proposed by Rao et al. [20 ] and 
Singh [21] also shows that an increase in organic cosolvent fraction resulted 
in exponential decrease in adsorption coefficients due to increased 
hydrophobic organic compounds solubility. Based on the mobility classification 
scale [8], carbofuran and chlorpyrifos were generally very mobile at all f values 
of cosolvents in sandy loam soil while endosulfan was very mobile beyond 
0.50 f values. In loam and silt loam soils, carbofuran and chlorpyrifos were 
very mobile beyond 0.25 f values. In loam soil endosulfan was mobile beyond 
0.50 f of methanol and very mobile beyond o.50 f v of acetone. 
The higher movement of pesticides (Tables 4.7- 4.8) in acetone-water 
mixtures than methanol-water mixtures at all f values may probably be due to 
the fact that pesticides studied have higher solubilities in acetone than methanol 
resulting lower adsorption in acetone-water mixtures in comparison to 
methanol-water mixtures. This may also be due the fact that acetone is less 
polar and its penetrability (K) is higher than methanol (Table 4.3 ). 
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(^vduatwn of the (S^ffect of the 
Q^ufactants on the ^Movement Oj 
Pesticides in Q^oib Q£sin0- a O^oil 
^hin'(^aper &hromato^raph^ 
Chapter - V 
EWALOMIOINI ©F TIHIE EFFEOT QF SUBF^OmiNlTi 
on TUE IMI©¥E[iilMT OF PiSTDCBOES IIINI SODLS 
y S l i e h SOUL TIHlDlM L^MiR ©yiROIlMOQIR^PIHlY 
TEOIHllNlIlQyE. 
5.1. INTRODUCTION 
Surfactants may enhance the apparent solubility of hydrophobic organic 
compounds (HOCs), especially when present at concentrations above the 
critical micelle concentration (CMC) at which surfactant monomers aggregate 
to micelles [1-3]. Such micelles act as colloids and can strongly enhance the 
apparent solubility of hydrophobic organic compounds, especially anionic and 
nonionic surfactants [4-5], extracting them from soils. This increase in apparent 
solubility may represent an important tool for chemical and biological 
remediation of contaminated soils [6-9], Other types of surfactants such as 
cationic ones, may be retained by the soil colloids and may enhance a 
hydrophobic organic compound's adsorption, with a potential increase in the 
formation of bound residues [10]. Several researchers [11-14], have shown 
that surfactants and pesticide compounds can interact under certain conditions 
and therefore influence the pesticides adsorption on soils. But, literature 
pertaining to the effect of surfactants on the movement of pesticides in soils 
is very scanty [15-16]. Hence in the present studies an attempt has been made 
to study the effect of cationic [cetyl trimethyl ammonium bromide (CTAB)], 
nonionic [plyoxyethylene sorbitan monolaurate (Tween '20')] and anionic 
[sodium dodecyl sulphate (SDS)] surfactants on the movement of carbofuran 
(2,3 - dihydro - 2, 2 - dimethyl - 7- benzofuranyl methyl carbamate), 
chlorpyrifos (O, 0-diethyl O- 3, 5, 6 - trichloro - 2 - pyridyl phosphorothioate) 
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and endosulfan (6,7,8,9,10,10- hexachloro - 1 , 5 , 5a, 6, 9, 9a hexahydro 6,9-
methano 2 , 4 , 3 - benzodiaxathiopin - 3 - oxide) in three different (sandy loam, 
loam and silt loam) types of soils by using a soil thin-layer chromatography 
(TLC) technique. This type of study will help us to understand, how the 
movement of a soil applied pesticide can be altered by the presence of 
surfactants when both co-exist in the soil as a result of human activity and 
further how the presence of surfactants can help in solving pollution problem 
posed by these pesticides. 
5.2. EXPERIMENTAL 
5.2.1. Chemicals and Reagents: 
Surfactants Solutions: 
Surfactants viz; cationic [cetyl trimethyl ammonium bromide (CTAB)], 
nonionic [plyoxyethylene sorbitan monolaurate (Tween '20')] and anionic 
[sodium dodecyl sulphate (SDS)] used in this study were obtained from CDH 
Pvt. Ltd. India. The selected properties of the surfactants are given in Table 
2.1 of chapter-II and these were used at 1/2 CMC, CMC and 2 fold CMC 
concentrations. 
Methanolic Iodine Solution (5%): 
Methanolic iodine solution was prepared as described in chapter-lV. 
p-Nitrobenezene Diazonium Tetrafluroborate Solution: 
This reagent was prepared as described in Chapter-IV. 
Pesticides Solutions: 
Carbofuran, chlorpyrifos and endosulfan solutions were prepared as 
described in Chapter-IV. 
5.2.2. Apparatus: 
All apparatus used were the same as described in Chapter-IV. 
5.2.3. Collection of Soil Samples: 
The soil used for these studies were the same as described in Chapter- II, Table 22. 
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5.2.4. Soil TLC Studies : 
Clean glass plates ( 20 x 20 cm^size) were coated with water slurry of 
soil samples ( 0.5 mm thickness ) using a TLC spreader . The plates were dried 
at room temperature and then activated at 100 - 105° C in an oven for half an 
hour. After activating the plates, two lines at 3 and 13 cm above the base were 
scribed to maintain the standard development distance of 10 cm. A 10 |j.L 
methanolic solutions of carbofuran, chlorpyrifos and endosulfan of 
concentration 1000 |ag mL' were applied on the soil TLC plates with the help 
of the lambda pipette, 3 cm above the bottom of the plates. A 2 cm wide strip 
of paper towel moistened with distilled water, was wrapped around the bottom 
of the plates. In order to evaluate the effect of water penetrability, three 
different approaches such as physical, solvent and soil modifications were done. 
For physical modification, natural soil spotted plates were eluted with distilled 
water by positioning the plates at 45", 60'' and 90" in the glass tank, solvent 
modification was done by eluting the natural soil spotted plates in the aqueous 
solutions of surfactants at concentrations of 0.17, 0.34, 0.68 g L' for CTAB; 
0.07,0.14, 0.28 g L ' for Tween '20' and 1.19, 2.38, 4.76 g L' for SDS and for 
soil modification, surfactants were even directly added to the soil water 
mixtures at the rate of same concentration cited above (g kg' soil). In both the 
systems, soil plates were placed in the glass tank at 45" plate angle to study the 
effect of surfactants on the movement of pesticides in soils and penetrability. 
The developed plates were air dried at room temperature and carbofuran, 
chlorpyrifos and endosulfan were detected as described in Chapter - IV. The 
movement of pesticides was expressed in terms of frontal Rj^ (Rpp), R^ Rg and 
K^^ values as defined in Chapter- IV. 
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5.3. RESULTS AND DISCUSSION 
Penetrability : 
When natural soil TLC plates spotted with pesticides were developed in 
distilled water by placing the plates at 45", 60" and 90" angles in the glass tank, 
the water flux or penetrability (mobile phase velocity constant), K, was 
calculated from the slopes of the straight lines obtained by plotting a graph 
between square of the distance travelled by the distilled water 'x' over the time 
't'(Figure 4.1, Table 5.1). The K values were calculated by using the equation 
x = Kt"2+C (5.1) 
Where 'x' is position of the solvent front (cm) at time 't' minutes. The 
slope constant K (cm / min. "^) is equivalent to term " penetrability" as suggested 
by Jackson [17] reflecting ascending of eluents into porous media. Data given 
in Table 5.1 indicate that penetrability K increased by decreasing the plate angle 
probably due to change in capillary rise. Similar results were reported by 
Helling [18] while studying the effect of different parameters on pesticide 
mobility in soils using soil thin-layer chromatography. 
The values of penetrability, K, depend upon the characteristics of both 
soil and solvent. Equation (5.1) is also equivalent to the expression cited by 
Brenner et al. [19] and Geiss [20] for solvent movement in thin-layer 
chromatography i.e. 
Z / = a + bt (5.2) 
Where Z^= x and b' - = K. Experimentally, the contribution of constant 'C in 
equation (5.1) and 'a' in equation (5.2) was usually insignificant. 
When surfactants amended soils and natural soils TLC plates were eluted 
in distilled water and aqueous surfactant solutions of different CMCs, the values 
of K followed the order as sandy loam > loam > silt loam soils (Table 5.1). 
This may be due to the differences in textural and other properties of the soils. 
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TABLE-5.1 . EFFECT OF PLATE ANGLE ON THE PENETRABILLY ( K ) WHEN 
NATURAL SOILS T L C PLATES WERE ELUTED IN DISTILLED WATER 
Soils 
Aligarh sandy laom 
Dehradoon silt loam 
F.R.I, loam 
Penetrability (K cm/min"^) 
45" 
1.40 
0.66 
0.70 
60" 
1.17 
0.57 
0.62 
90' 
0.94 
0.50 
0.54 
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Water penetrability K in soils was reduced in the presence of surfactant solution 
and surfactant amended soils compared with natural soil TLC plates, developed 
in distilled water. Similar results were reported by Helling [21]. The reduction 
was generally more pronounced in pretreated soils according to the results 
obtained by Kijne [22] and Rosen [23] and was more pronounced for nonionic 
and cation surfactants, whereas K decreasing was more evident in anionic and 
cationic surfactant amended soils. 
Movement of Pesticides 
The results of the movement of pesticides in natural soils (eluted with 
distilled water and aqueous surfactant solution at different CMCs) and in 
surfactants amended soils (eluted with distilled water) were expressed in terms 
of frontal R (^Rj-p), Rj, R^ and R,^  values ( average values of three replicates) 
and are summarised in Tables 5.3-5.8. The movement of all the pesticides was 
greater in sandy loam soil than the loam or silt loam soils. This is due to the 
differences in the physico-chemical characteristics of the soils. On the basis 
of Rj^  values, (Table 5.3-5.8) the movement of pesticides follows the order : 
carbofuran > chlorpyrifos> endosulfan. The above order of movement is 
directly proportional to the aqueous solubilities, polarities and carbon numbers 
and inversely related to the molecular weights of the pesticides (Table 4.1, 
Chapter -IV). The results are in accordance with the work of Gustafson and 
Paleos [24] who reported the effect of solubility, polarit>', molecular weight, 
structure and number of functional groups of certain solutes on movement. 
5.3.1. Effect of the Cationic Surfactant (CTAB) on the Movement of 
Pesticides in Soils: 
When CTAB amended soil TLC plates spotted with pesticides were 
developed in distilled water, an increase in the movement of carbofuran and 
chlorpyrifos was observed at CMC and 2 x CMC amended soils while that of 
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TABLE-5.2. EFFECT OF AMMEDMENTS OF SOILS AND MOBILE PHASES 
(WATER) WITH SURFACTANTS AT VARYING C M C ' S ON THE PENETRABIL-
ITY OF THE SOILS 
Soils 
Aligarh sandy loam 
Dehradoon silt loam 
F R I loam 
Aligarh sandy loam 
Dehradoon silt loam 
F R I loam 
Aligarh sandy loam 
Dehradoon silt loam 
F R I loam 
Aligarh sandy loam 
Dehradoon silt loam 
F R I loam 
Aligarh sandy loam 
Dehradoon silt loam 
F R I loam 
Aligarh sandy loam 
Dehradoon silt loam 
F R I loam 
Natural soil 
1 40 
0.66 
0 70 
1 40 
0 66 
0 70 
1 40 
0 66 
0 70 
1 40 
0 66 
0 70 
1 40 
0 66 
0 70 
1 40 
0 66 
0 70 
Penetrability (Kcm/min"^) 
Cationic surfactant (CTAB) used as adsorbent 
1/2CMC At CMC 2xCMC 
0 80 0 60 0.55 
0 48 0.45 0 40 
0 50 0 46 0.45 
Nonionic surfactant (l^een '20') used as adsorbent 
0 83 0.66 0.62 
0 66 0.53 0 45 
0 68 0.55 0.50 
Anionic surfactant (SDS) used as adsorbent 
0 33 0 28 0.21 
0 26 0.23 0.20 
0.28 0.25 0.20 
Cationic surfactant (CTAB) used as developer 
0 83 0 66 0 60 
0 56 0.49 0 45 
0 62 0.54 0.50 
Nonionic surfactnat (IVteen '20') used as developer 
1 08 0 78 0 64 
0 58 0 52 0 45 
0 66 0 55 0 50 
Anionic surfactant (SDS) used as developer 
1 13 0 96 0 78 
0 62 0 52 0 47 
0 69 0 58 0 50 
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TABLE- 5.3. MOVEMENT OF PESTICIDES IN CATIONIC SURFACTNAT 
( C T A B ) A M M E N D E D SOILS AT DIFFERENT CMC VALUES WHEN ELUTED 
WITH DISTILLED WATER. MOVEMENT EXPRESSED IN TERMS OF R^ ,^ R ,^ 
Pesticides 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbufuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
R3, AND R,^ 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RFF 
0.80 
0.50 
0.60 
0.52 
0.40 
0.50 
0.44 
0.36 
0.40 
0.86 
0.66 
0.70 
0.70 
0.56 
0.62 
0.38 
0.34 
0.36 
0.90 
0.75 
0.78 
0.82 
0.68 
0.78 
0.36 
0.30 
0.34 
VALUES 
Rr 
At 1/2 CMC 
0.40 
0.25 
0.30 
0.26 
0.20 
0.25 
0.22 
0.18 
0.20 
At CMC 
0.43 
0.33 
0.35 
0.35 
0.28 
0.31 
0.19 
0.17 
0.18 
At 2x CMC 
0.45 
0.375 
0.39 
0.41 
0.34 
0.39 
0.18 
0.15 
0.17 
RB 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
RM 
0.176 
0.477 
0.367 
0.454 
0.602 
0.477 
0.549 
0.658 
0.602 
0.122 
0.307 
0.268 
0.268 
0.410 
0.347 
0.629 
0.688 
0.655 
0.087 
0.221 
0.194 
0.158 
0.288 
0.194 
0.658 
0.753 
0.688 
A= Sandy loam soil B=loam soil C= Silt loam soil 
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TABLE-5.4. MOVEMENT OF PESTICIDES IN SOILS WHEN AQUEOUS 
SOLUTION OF CATIONIC SURFACTNAT ( C T A B ) WERE USED AS 
DEVELOPERS. MOVEMENT EXPRESSED IN TERMS OF R 
R j , Rg AND R ^ VALUES 
FF' 
Pesticides 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbufuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RpF 
0.82 
0.54 
0.64 
0.62 
0.44 
0.54 
0.48 
0.38 
0.40 
0.88 
0.68 
0.72 
0.72 
0.60 
0.64 
0.45 
0.36 
0.38 
1.00 
0.78 
0.80 
0.95 
0.70 
0.80 
0.36 
0.30 
0.32 
R. 
At 1/2 CMC 
0.41 
0.27 
0.32 
0.31 
0.22 
0.27 
0.24 
0.19 
0.20 
At CMC 
0.44 
0.34 
0.36 
0.36 
0.30 
0.32 
0.225 
0.18 
0.19 
At 2x CMC 
0.50 
0.39 
0.40 
0.475 
0.35 
0.40 
0.18 
0.15 
0.16 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
RM 
0.158 
0.431 
0.327 
0.347 
0.549 
0.431 
0.500 
0.609 
0.602 
0.104 
0.288 
0.249 
0.249 
0.367 
0.327 
0.537 
0.658 
0.629 
0.00 
0.194 
0.176 
0.043 
0.268 
0.176 
0.658 
0.753 
0.720 
A= Sandy loam soil B=loam soil C= Silt loam soil 
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endosulfan has reverse trend (Table 5.3 ). In case of 1/2 CMC, CTAB amended 
soils, a decrease in Revalues of carbofuran and chlorpyrifos and a slight 
decrease of endosulfan was observed. Generally, a similar trend was observed 
when surfactant- free soil TLC plates spotted with pesticides were eluted with 
aqueous CTAB solution of different (1/2 CMC, CMC and 2 x CMC) 
concentrations (Table 5.4 ). 
The decrease in the movement of pesticides in both the systems i.e. 
in surfactant amended soils and in surfactant aqueous solutions at 1/2 CMC 
maybe due to increase in adsorption of pesticides, because CTAB is cationic 
nature and adsorbed (cation exchanged) by the soils in the form of 
hemimicelles/ admicelles [25]. The increase in the movement of carbofuran 
and chlorpyrifos while experiencing a decrease in the movement of endosulfan 
at CMC and 2 ^ CMC amended soils/aqueous CTAB solution is due to 
differences in the adsorptive capacity of pesticides. The decrease in the 
movement of endosulfan is due to its increased adsorption by CTAB molecules/ 
micelles, previously adsorbed on soil surfaces. This mechanism is unfeasible 
for carbofuran and chlorpyrifos. The results are in accordance with the work 
of Sanchez-Camazano el al. [16] who studied the effect of different surfactants 
on the mobility of diazinon, atrazine, metolachlor and acephate in soil. 
5.3.2. Effect on the Non- ionic Sur fac tan t (Tween ' 20 ' ) on the 
Movement of Pesticides in Soils: 
On examination of Table 5.5, there was no significant decrease in 
movement of all the three pesticides when Tween '20' was used as adsorbent at 
1/2 CMC but beyond this concentration a significant increase in R^^ values was 
observed. A similar trend was observed when natural soil TLC plates spotted 
with pesticides were eluted in aqueous solutions of Tween '20' of different 
CMCs (Table 5.6). The decrease in movement of pesticides at 1/2 CMC may 
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TABLE- 5.5. MOVEMENT OF PESTICIDES IN NON-IONIC SURFACTNAT 
(TWEEN '20') AMMENDED SOILS AT DIFFERENT CMC VALUES WHEN 
ELUTED WITH DISTILLED WATER. MOVEMENT EXPRESSED IN TERMS OF 
R„, R^ R„, AND R^, VALUES 
FF' 'B» M 
Pesticides 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbufuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RFF 
0.84 
0.58 
0.64 
0.60 
0.50 
0.52 
0.47 
0.38 
0.40 
0.88 
0.70 
0.74 
0.76 
0.66 
0.72 
0.60 
0.50 
0.56 
1.00 
0.78 
0.82 
0.90 
0.72 
0.84 
0.70 
0.58 
0.62 
R. 
At 1/2 CMC 
0.42 
0.29 
0.32 
0.30 
0.25 
0.26 
0.235 
0.19 
0.20 
At CMC 
0.44 
0.35 
0.37 
0.38 
0.33 
0.36 
0.30 
0.25 
0.28 
At 2x CMC 
0.50 
0.39 
0.41 
0.45 
0.36 
0.42 
0.35 
0.29 
0.31 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
RM 
0.140 
0.388 
0.327 
0.367 
0.477 
0.454 
0.512 
0.629 
0.549 
0.104 
0.268 
0.231 
0.212 
0.307 
0.249 
0.367 
0.477 
0.410 
0.000 
0.194 
0.140 
0.087 
0.249 
0.140 
0.268 
0.388 
0.347 
A= Sandy loam soil B=loam soil C= Silt loam soil 
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TABLE-5.6. MOVEMENT OF PESTICIDES IN SOILS WHEN AQUEOUS 
SOLUTION OF NON-IONIC SURFACTNAT (TWEEN '20') WERE USED AS 
DEVELOPERS. MOVEMENT EXPRESSED IN TERMS OF R 
R , R„ AND R ,^ VALUES 
FF' 
Pesticides 
Carbofiiran 
Chlorpynfos 
Endosulfan 
Carbufiiran 
Chlorpynfos 
Endosulfan 
Carbofiiran 
Chlorpynfos 
Endosulfan 
A= Sandy loan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
1 soil I 
RpK 
0 83 
0 56 
0 68 
0 63 
0 48 
0 56 
0 50 
0 36 
0 44 
0 84 
0 75 
0 80 
0 84 
0 75 
0 80 
0 65 
0 52 
0 56 
1 00 
0 0 80 
0 88 
0 96 
0 80 
0 86 
0 85 
0 72 
0 78 
3=loam soil 
Rr 
At 1/2 CMC 
0415 
0 28 
0 34 
0315 
0 24 
0 28 
0 25 
0 18 
0 22 
At CMC 
0 42 
0 37 
0 40 
0 42 
0 37 
0 40 
0 325 
0 26 
0 28 
At 2x CMC 
0 50 
0 40 
0 44 
0 48 
0 43 
0 43 
0 245 
0 36 
0 39 
C= Silt loan 
R B 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
1 soil 
RM 
0 149 
0410 
0 288 
0 337 
0 500 
0410 
0 477 
0 658 
0 549 
0 140 
0 221 
0 176 
0 140 
0 221 
0 176 
0317 
0 454 
0410 
0 000 
0 176 
0 104 
0 034 
0 122 
0 22 
0 131 
0 249 
0 194 
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be due the increase in adsorption of pesticides by marked dispersion of soil 
particles which increases the number of available adsorption sites rather than 
an interaction between Tween '20' and pesticides molecules. At CMC and 
2 X CMC, the proportion of surfactant micelles adsorbed out of the total amount 
of the solution is much smaller than at 1/2 CMC. This may also occur at high 
surfactant concentration as the surfactant micelles can compete and partly 
replace the free pesticide molecules adsorbed on soil surfaces [15]. These 
molecules would be incorporated into the micelles in the solution phase, 
decreasing pesticides adsorption and increasing the movement. Similar results 
were reported by Aronstein et al. [26] and Sun et al. [7 ] while studying the 
effect of nonionic surfactants on adsorption, desorption, mobility and 
biodegradation of hydrophobic organic compounds in soils. 
5.3.3. Effect of the Anionic Surfactant (SDS) on the Movement of 
Pesticides in Soils: 
Using anionic surfactant (SDS) amended soils at different CMCs as 
static phase and distilled water as mobile phase, the movement of the pesticides 
studied increased (Table 5.7) in all three soils. A similar trend was observed 
when surfactant free soil TLC plates spotted with pesticides were developed 
in aqueous SDS solution of different CMCs (Table 5.8 ). This could be related 
to several mechanisms occurring simultaneously: (i) competition for active 
hydrophobic adsorption sites between pesticides and SDS (ii) equilibria of SDS 
among monomers, micelles and hemimicelles/admicelles (monomers adsorbed 
on soil surface) (iii) partitioning of pesticides among soil hydrophobic 
adsorption sites, SDS micelles (i.e. solubilization) and hemimicelles/ 
admicelles formed on soil surfaces and (iv) interaction of pesticides with SDS 
monomers. These results are in conformity with the work of several researchers 
[25,27-31] who reported the effect of certain anionic surfactants on the 
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TABLE- 5.7. MOVEMENT OF PESTICIDES IN ANIONIC SURFACTNAT 
(SDS) A M M E N D E D SOILS AT DIFFERENT CMC VALUES WHEN ELUTED 
WITH DISTILLED WATER. MOVEMENT EXPRESSED IN TERMS OF R , R-, 
FF' P 
Rg, AND R^j VALUES 
Pesticides 
-
Carbofuran 
Chlorpyrifos 
Endosulfan 
Carbuftiran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
A= Sandy loam 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
soil E 
^n 
0.92 
0.76 
0.80 
0.80 
0.66 
0.70 
0.62 
0.50 
0.54 
1.00 
0.80 
0.88 
0.85 
0.75 
0.80 
0.70 
0.60 
0.66 
1.00 
0.85 
0.90 
1.00 
1.00 
1.00 
1.00 
0.78 
0.84 
J=loam soil 
R . 
At 1/2 CMC 
0.46 
0.38 
0.40 
0.40 
0.33 
0.35 
0.31 
0.25 
0.27 
At CMC 
0.80 
0.60 
0.70 
0.75 
0.575 
0.65 
0.35 
0.30 
0.33 
At 2 X CMC 
0.90 
0.675 
0.75 
0.92 
0.77 
0.80 
0.50 
0.39 
0.42 
C= Silt loam 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.60 
0.40 
0.52 
0.65 
0.40 
0.50 
0.00 
0.00 
0.00 
0.80 
0.50 
0.60 
0.85 
0.54 
0.60 
0.00 
0.00 
0.00 
soil 
K 
0.069 
0.212 
0.176 
0.176 
0.307 
0.268 
0.347 
0.477 
0.431 
-0.602 
-0.176 
-0.367 
-0.477 
-0.131 
-0.268 
0.268 
0.367 
0.307 
-0.954 
-0.317 
-0.477 
-1.091 
-0.524 
-0.602 
0.00 
0.194 
0.140 
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TABLE-5.8. MOVEMENT OF PESTICIDES IN SOILS WHEN AQUEOUS 
SOLUTION OF ANIONIC SURFACTNAT (SDS) WERE USED AS 
DEVELOPERS. MOVEMENT EXPRESSED IN TERMS OF R 
R,, R„ AND R-, VALUES 
I D M 
FF' 
Pesticides 
Carbofliran 
Chlorpyrifos 
Endosulfan 
Carbufuran 
Chlorpyrifos 
Endosulfan 
Carbofuran 
Chlorpyrifos 
Endosulfan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RRT 
0.90 
0.64 
0.70 
0.68 
0.56 
0.60 
0.53 
0.40 
0.42 
0.96 
0.75 
0.78 
0.76 
0.60 
0.70 
0.68 
0.58 
0.66 
1.00 
0.78 
0.80 
0.88 
0.78 
0.82 
0.82 
0.65 
0.74 
Rr 
At 1/2 CMC 
0.45 
0.32 
0.35 
0.34 
0.28 
0.30 
0.265 
0.20 
0.21 
At CMC 
0.48 
0.37 
0.39 
0.38 
0.30 
0.35 
0.34 
0.29 
0.31 
AtlxCMC 
0.75 
0.54 
0.56 
0.79 
0.69 
0.73 
0.41 
0.325 
0.37 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.50 
0.30 
0.32 
0.70 
0.60 
0.64 
0.00 
0.00 
0.00 
K 
0.087 
0.307 
0.268 
0.288 
0.410 
0.367 
0.443 
0.602 
0.575 
0.034 
0.221 
0.194 
0.212 
0.367 
0.368 
0.288 
0.388 
0.347 
-0.477 
-0.069 
-0.104 
-0.575 
-0.347 
-0.431 
0.158 
0,317 
0.231 
A= Sandy loam soil B=loam soil C= Silt loam soil 
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adsorption, partitioning and solubilization of nonionic organic compounds. 
The results indicate that behaviour of pesticides in soil- water systems 
with micelle forming surfactants depends on the (i) nature of the surfactant 
whether it is cationic, non-ionic or anionic (ii) degree of hydrophobicity or 
polarity of the pesticides (iii) presence of the surfactants in soils and (iv) the 
surfactant concentration employed, i.e. below CMC, at CMC and above CMC. 
Although, the increase in the apparent water solubility of HOCs is generally 
accepted, the effect of addition of surfactants in soil-water-pesticides systems 
on the partitioning of pesticides is extremely complex. The result obtained 
also show that the pesticides movement may increase or decrease depending 
on the particular pesticide, surfactant and its concentrations. 
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6.1. INTRODUCTION 
Adsorption and movement of pesticides in soils affect their ability to 
effectively control the targeted pests and determine whether or not the use of 
these chemicals may lead to an adverse environmental impact. It has been 
reported by several workers that certain pesticides are found in surface and 
ground waters [1-5]. Soil thin-layer chromatography has been used successfully 
to characterize the mobility of a large number of persistent organochlorine, 
organophosphorous and carbamate pesticides in soils 
[6-14]. It is a unique laboratory technique in which soil is used as an adsorbent 
in a TLC system. There is currently a growing interest on the behaviour of 
cosolvents in soils and their effects on the behaviour of hydrophobic organic 
compounds (HOCs). The literature pertaining to the influence of various 
cosolvents on the adsorption of HOCs in general and pesticides in particular 
is very meagre [15-18]. Recently, in our laboratory the adsorption of a 
pyrethroid (cypermethrin) at fixed volume fraction of acetone was studied [19-
20]. Only few references are available on the movement of pyrethroids in soil 
[21-22]. Moreover, the information pertaining to effect of cosolvents (acetone 
and methanol) on the movement of synthetic pyrethroids in soils is not available 
in the literature. Hence, in the present investigation an attempt has been made 
to study the effect of water and cosolvent flux, organic matter, pH and different 
volume fractions of miscible organic cosolvents (acetone and methanol) on 
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the movement of synthetic pyrethroid (cypermethrin, deltamethrin, fenvalerate) 
insecticides in soils by using soil thin-layer chromatographic technique. The 
purpose of this investigation is to facilitate the movement in terms of numerous 
potential factors including the enhancement of solubility of pyrethroids in 
presence of cosolvents in the liquid phase and the differences observed in 
mobility in the presence of cosolvent systems in predicting pyrethroid 
movement from codisposal sites. This study will help in modelling the 
movement of toxic wastes from landifills and in the development of a clean up 
procedure from spills and landifills. 
6.2. EXPERIMENTAL 
6.2.1. Chemical and Reagents: 
Cypermethrin Solution (1000 ng mL"') : 
Cypermethrin solution of concentration 1000 )ig m L ' was prepared by 
dissolving 0.40 g of cypermethrin (25% EC, Bharat Pulverising Mills Ltd., 
Mumbai, India.) in 100 mL of acetone. 
Deltamethrin Solution (1000 ^g m L ' ) : 
Deltamethrin solution of concentration 1000 jig ml"' was prepared by 
dissolving 3.5714 g of deltamethrin (2.8% EC, Hoechst India Ltd.) in 100 mL 
of acetone. 
Fenvelarate Solution (1000 p,g mL "') : 
Fenvelarate solution of concentration 1000 /ig m L ' was prepared by 
dissolving 0.50 g of fenvelarate (20% EC, United Phosphorous Limited, 
Mumbai, India) in 100 mL of acetone. 
The selected properties of these synthetic pyrethroids are given in Table 6.1. 
All other chemicals and reagents used were the same as described in chapter-IV. 
6.2.2. Apparatus: 
All apparatus used were the same as described in chapter-IV. 
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TABLE-6.1. SELECTED PROPERTIES OF PYRETHROID INSECTICIDES USED 
IN THE STUDY 
Pyrethroids 
Cypermethrin 
Deltamethrin 
Fenvalerate 
Formula 
C«H„C1,N0, 
C,,H„Br,NO, 
C,,H,X1N0, 
M.W. 
416.30 
505.20 
416.90 
Solubility in water 
in mg/1. at IS'C 
0.01-0.20 
0.002 
<1.0 
Solubility 
in acetone 
>450 gL' 
500 gL-' 
> 1 Kg Kg' 
Solubility 
in methanol 
337 gL-' 
15 gL' 
> IKg Kg' 
TABLE-6.2. EFFECT OF PLATE ANGLE ON THE PENETRABILLY ( K ) WHEN 
NATURAL SOILS T L C PLATES WERE ELUTED IN DISTILLED WATER 
Soils 
Aligarh sandy laom 
Dehradoon silt loam 
Jhansi loam 
Penetrability (K cm/min"^) 
45" 
1.40 
0.66 
0.73 
60" 
1.17 
0.57 
0.66 
90" 
0.94 
0.50 
0.60 
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6.2.3. Collection of Soil Samples: 
Surface samples (0-30 cm) of silt loam, loam and sandy loam soils 
were collected from Dehradoon, Jhansi and Aligarh district (Uttar Pradesh) 
India, respectively. The soils were dried, crushed and passed through 100 mesh 
sieve to obtained samples with small and nearly homogeneous particle size. 
The physico-chemical properties of the soils were determined by the standard 
techniques and values obtained are summarised in Table 2.2. of Chapter -II. 
6.2.4. Soil TLC Studies : 
Clean glass plates of (20 x 20 cm )^ were coated with water slurry of 
soil samples (2:1, soil: water ratio) of 0.5 mm thickness with the help of the 
TLC spreader. The plates were air dried at room temperature and then activated 
at 100 - 105 "C in an oven for half an hour. After activating the plates, two 
lines at 3 cm and 13 cm above the base were scribed to maintain the standard 
development distance (10 cm). Ten )iL of cypermethrin [RS-a-cyano-3-
phenoxy benzyl (IRS)-Cis, trans-3-(2,2-dichlorvinyl) 2,2 (dimethyl 
cyclopropane carboxylate)], deltamethrin [(lR,3R)-3-(2,2-dibromovinyl)-2,2 
dimethyl cyclo carboxylate] and fenvalarate [(RS)-2-4-dichlorophenyl)-3-
methyl butyrate] solutions of concentration 1000 )ig mL' were applied on the 
soil TLC plates with the help of lambda pipettes, 3 cm above the bottom of the 
plates. A 2 cm wide strip of paper towel moistened with distilled water, was 
wrapped around the bottom of the plates. The loaded plates were then dried 
and eluted with distilled water by ascending chromatography in glass tank. The 
developed plates were air dried and cypermethrin, deltamethrin 
and fenvalarate were detected by spraying the plates with 10 % methonolic 
solution of iodine. The dark brown coloured spots of pyrethroids were detected 
and the movement of the pyrethroids was expressed in terms of frontal Rf(Rpp), 
Rp Rg and R^^ values as given in Chapter-IV. 
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6.2.4.1. Study of the Effect of Organic Matter on the Movement of Synthetic 
Pyrethroids in Soils: 
To study the effect of organic matter on the movement of synthetic 
pyrethroids in soils, organic matter destroyed soil TLC plates were prepared 
and used as static phase. The organic matter was destroyed from the soils as 
described in Chapter -IV. 
6.2.4.2. Study of the Effect of pH of the Movement of Synthetic Pyrethroids 
in Soils: 
The effect of pH on the movement of synthetic pyrethroids was studied 
by eluting the soil TLC plates spotted with pyrethroids with distilled water 
with original pH 7 and pH adjusted to 4 and 10 with 0.1 M HCl and 0.1 M 
NaOH, respectively. 
6.2.4.3. Study of the Effect of Cosolvents (Acetone and Methanol) on the 
Movement of Synthetic Pyrethroids in Soils: 
The effect of different volume fractions (f^  = 0.25,0.50,0.75 and 
1.00) of cosolvents (acetone and methanol) on movement of synthetic 
pyrethroids were studiec by eluting the natural soil TLC plates loaded with 
pyrethroids in cosolvent solutions of different volume fractions. All these 
effects were studied by keeping the soil TLC plates at 45° plate angle in the 
glass tank. 
6.3. RESULTS AND DISCUSSION : 
When natural soil TLC plates spotted with synthetic pyrethroids were 
developed in distilled water by placing the plates at 45", 60" and 90" plate angles 
in the TLC glass tank, the rate of water movement or flux was increased by 
reducing the plate angles (Figure 6.1. and Table 6.2). Movement of water and 
various cosolvent solutions of different volume fractions (f5= 0.25, 0.50, 0.75, 
1.00 ) obeyed a basic principle i.e. the distance travelled by the solvent front 
is a linear function of the square root of time and expressed as: 
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Figure-6.1. Effect of plate angle on penetrability (K) of soils. 
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TABLE-6.3. WATER AND COSOLVENT FLUX OR PENETRABILITY ( K ) AT 
DIFFERENT F VALUES OF COSOLVENTS IN SOILS 
Soils 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Distilled 
Water 
1.40 
0.66 
0.73 
1.40 
0.66 
0.73 
Volume fractions of cosolvents (f^) 
0.25 
1.25 
0.57 
0.64 
1.15 
0.42 
0.55 
0.50 
Acetone-wate 
1.08 
0.47 
0.56 
Methanol-wa 
1.02 
0.40 
0.46 
0.75 
r mixtures 
0.95 
0.40 
0.46 
ter mixtures 
0.90 
0.31 
0.40 
1.00 
0.88 
0.28 
0.43 
0.83 
0.25 
0.34 
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x = Kt"2+C (6.2) 
Where 'x' is the position of solvent front (cm) at time 't' (minutes). The 
value of K were obtained by plotting a graph between time 't' versus square of 
the distance travelled by the developer 'x' (Figures 6.2 - 6.3 ). The slope K 
(cm/min ' )^ is equivalent to term "penetrability" reflecting infiltration of fluids 
into porous media. Values obtained are summarized in Table 6.3. The values of 
K depend upon the characteristics of both soil and solvent. Equation (6.1) is 
also equivalent to the expression cited by Brenner et al. [23] for solvent 
movement in thin-layer chromatography i.e. 
Z^ ^ = a + b t (6.2) 
Where Z^= x, and b" ' = K. Experimentally the contribution of constant 'C in 
equation (6.1) and 'a' in equation (6.2) was usually insignificant. On examination 
of Tables 6.2-6.3, the order of water penetrability, K, followed the order as 
sandy loam > loam > silt loam soil and showed that development time is 
faster in sandy loam soil followed by loam and silt loam soils. This may be 
probably due to the differences in the textural and other properties of the soils 
Table 2.2, Chapter-II 
The effect of pH, organic matter and cosolvents (acetone and methanol) 
on the movement of three synthetic pyrethroids, expressed in terms of frontal 
Rj.(Rpp), Rj. Rg, and K^^ values (average values of three replicates) are 
summarised in Tables 6.4 - 6.8. When natural soils were used as adsorbents 
and distilled water as developer, all the three pyrethroids were strongly 
hydrophobically adsorbed and hence gave little movement, and the R j^. and R^ . 
values showed tailings (Table 6.4) and no lateral movement (Rg = 0) was 
observed. On examination of Table 6.4, the movement of all the three 
pyrethroids was greater in sandy loam soil than loam or silt loam soils. The 
lower movement in silt loam soil is probably due to its high organic matter. 
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TABLE-6.4. MOVEMENT OF SYNTHETIC PYRETHROIDS IN NATURAL SOILS 
USING D I S T I L L E D WATER AS ELUENT. MOVEMENT EXPRESSED IN TERMS OF 
Rpp, R j , R 3 AND R ^ VALUES 
Pyrethroid 
Cypermethrin 
Deltamethrin 
^envalerate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RK. 
0.26 
0.20 
0.16 
0.20 
0.16 
0.12 
0.30 
0.26 
0.18 
Rr 
0.13 
0.10 
0.08 
0.10 
0.08 
0.06 
0.15 
0.13 
0,09 
RB 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
RM 
0.825 
0.954 
1.060 
0.954 
1.060 
1.194 
0.753 
0.825 
1.004 
A= Sandy loam soil B= Loam soil C= Silt loam soil 
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clay, calcium carbonate contents, surface area, and CEC and lower pH followed 
by loam and sandy loam soils (Table 2.2 Chapter - II). The highest R^ values 
of deltamethrin are indicative of its least movement in all the soils. On the 
basis of Revalues (Table 6.4 to 6.8 ), the movement of pyrethroids followed 
the order fenvalerate > cypermethrin > deltamethrin in all the soils. The higher 
movement of fenvalerate followed by cyprermethrin and deltamethrin was 
positively correlated with the aqueous solubilities (Table 6.1) and inversely 
with the polarities of pyrethroids [24]. The higher movement of cypermethrin 
as compared to deltamethrin is probably due to its lesser polarity and molecular 
size than deltamethrin. Cypermethrin and deltamethrin have same structure 
except that the former has chlorine and the latter bromine and chlorine 
derivative is less polar than the bromine analogue due to the controlling 
resonance effect which is possible in both cases where inductive and resonance 
effect are opposing each other and the latter factor dominates. 
When relative mobilities of synthetic pyrethroid insecticides were 
compared according to the pesticide mobility classification [6] for soil TLC 
plates (Table 4.3 of Chapter - IV ), all the pyrethroids were classified as low 
mobility compounds in the examined soils. These results demonstrated, 
however, that very little movement of any intact synthetic pyrethroid would 
occur through soil. Similar conclusions were reported by Kaufman et al. [22] 
while studying the movement of pyrethroids in soils. 
6.3.1. Effect of Organic Matter on the Movement of Synthetic Pyrethroids 
in Soils: 
Removal of organic matter from the soils increased the movement 
(Table 6.5) of all the three pyrethroids in soils because of less adsorptive 
capacity. Its destruction decreased the adsorption resulting in an increase of 
frontal R,(R^), and R, values and decrease in R^^ values and relative mobilities 
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TABLE-6. 5: MOVEMENT OF SYNTHETIC PYRETHROIDS IN ORGANIC 
MATTER REMOVED SOILS USING DISTILLED WATER AS ELUENT. MOVEMENT 
EXPRESSED IN TERMS OF R^p, R^, R^, R ^ VALUES 
Pyrethroid 
Cypermethrin 
Deltamethrin 
Fenvalerate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RFF 
0.50 
0.30 
0.28 
0.36 
0.26 
0.20 
0.58 
0.42 
0 32 
Rr 
0.25 
0.15 
0.14 
0.18 
0.13 
0.10 
0.29 
0.21 
0.16 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
K 
0.477 
0.753 
0.788 
0.658 
8.25 
0.954 
0.388 
0.575 
0.720 
A = Sandy loam soil B= Loam soil C= Silt loam soil 
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of all the pyrethroids were classified from low mobility to intermediate 
mobility. Similar results were reported by Helling [7 ] and Singh et a/.[13]. 
6.3.2. Effect of pH on the Movement of Synthetic Pyrethroids in Soils: 
The results on the changes in pH of the eluents on pyrethroids 
movements through soils are given in Table 6.6. The general trends has been a 
decrease in movement of pyrethroids with decrease in pH for all the soils. On 
the basis of Revalues, the movement follows the order pH 10 > pH 7 > pH 4. 
The change in behaviour at different pH values of leachates was due to the 
differeces in the adsorptive nature of the pyrethroids at different pH values 
under study. Higher adsorption thus resulted in lower mobility of pyrethroids 
in acidic leachates than neutral and akaline leachates. 
6.3.3. Effect of Cosolvents (Acetone and Methanol) on the 
Movement of Synthetic Pyrethroids in Soils: 
To study the effect of organic cosolvents on the inovement of 
pyrethroids in soils, acetone and methanol were used as cosolvents. Both these 
cosolvents were used because they are completely miscible in water and are 
expected to be found in most waste streams from industrial wastes and represent 
two extreme classes of polarity. Acetone is proton acceptor while methanol, a 
proton donor. 
The role of cosolvents (acetone and methanol) on the movement of 
pyrethroids was studied by eluting the pyrethroids spotted plates with different 
volume fractions (f = 0.25, 0.50, 0.75, 1.00) of acetone and methanol. The 
values of R^ ,^ R^ , Rg and R^ ,^ are summarised in Tables 6.7-6.8. Increasing the 
concentration of acetone and methanol in mobile phase resulted in higher values 
of Rpp, Rp Rg and a decrease in R^ ^ values (Tables 6.7 -6.8). As the volume 
fractions of acetone and methanol increased in the mobile phase, it continually 
becomes better solvent for pyrethroids and hence a strong solute solvent 
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TABLE- 6.6. EFFECT OF PH OF THE LEACHATES ON THE MOVEMENT OF 
SYNTHETIC PYRETHROIDS IN SOILS. MOVEMENT EXPRESSED IN TERMS 
R p j , , R j , R g AND Rj^ VALUES 
Pyrethroid 
Cypremethrin 
Deltamethrin 
Fenvalerate 
Cypermethrin 
Deltamethrin 
Fenvalerate 
' 
Cypermethrin 
Deltamethrin 
Fenvalerate 
A= Sandy loanp 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
I soil; 
RKK 
0.20 
0.16 
0,12 
0.17 
0.12 
0.10 
0.25 
0.18 
0.15 
0.26 
0.20 
0.16 
0.20 
0.16 
0.12 
0.30 
0.26 
0.18 
0.63 
0.32 
0.23 
0.52 
0.28 
0.20 
0.70 
0.44 
0.25 
B= Loam sc 
Rr 
AtpH 4 
0.10 
0.08 
0.06 
0.085 
0.06 
0.05 
0.125 
0.09 
0.075 
A t p H ? 
0.13 
0.10 
0.08 
0.10 
0.08 
0.06 
0.15 
0.13 
0.09 
At pH 10 
0.315 
0.16 
0.115 
0.26 
0.14 
0.10 
0.35 
0.22 
0.125 
)il; C= Silt 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
loam soil 
RM 
0.954 
1.060 
1.194 
1.032 
1.194 
1.278 
0.845 
0.845 
1,091 
0,825 
0,954 
1,060 
0,954 
1,060 
1,194 
0,753 
0.825 
1.004 
0.337 
0.720 
0.886 
0,754 
0.788 
0.954 
0.268 
0,549 
0,903 
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TABLE-6.7. EFFECT OF DIFFERENT VOLUME FRACTIONS (f^) OF 
COSOLVENT (ACETONE) ON THE MOVEMENT OF SYNTHETIC PYRETHROIDS 
IN SOILS. MOVEMENT EXPRESS INTERMS OF R „ „ , R , R„ AND R „ 
F F ' F' B M 
VALUES. 
Pyrethroid 
Cypremethrin 
Deltamethrin 
Fenvalerate 
Cypermethrin 
Deltamethrin 
Fenvalerate 
Cypermethrin 
Dehamethrin 
Fenvalerate 
Cypermethrin 
Dehamethrin 
Fenvalerate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
^ 
0.48 
0.28 
0.24 
0.40 
0.20 
0.16 
0.60 
0.36 
0.30 
0.74 
0.74 
0.72 
0.70 
0.70 
0.70 
0.78 
0.76 
0.75 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
Rr 
At 0.25 f^  
0.24 
0.14 
0.12 
0.20 
0.10 
0.08 
0.30 
0.18 
0.15 
At 0.50 fj. 
0.65 
0.64 
0.61 
0.62 
0.60 
0.56 
0.69 
0.68 
0.67 
At 0.75 f^  
0.85 
0.81 
0.77 
0.80 
0.77 
0.72 
0.88 
0.85 
0.80 
At 1.0 fj. 
0.88 
0.84 
0.81 
0.83 
0.80 
0.75 
0.95 
0.90 
0.89 
RB 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.56 
0.54 
0.50 
0.54 
0.50 
0.42 
0.60 
0.60 
0.59 
0.70 
0.62 
0.54 
0.60 
0.54 
0.44 
0.76 
0.70 
0.60 
0.76 
0.68 
0.62 
0.66 
0.60 
0.50 
0.90 
0.80 
0.79 
K 
0.500 
0.788 
0.865 
0.602 
0.954 
1.060 
0.367 
0.658 
0.753 
-0.268 
-0.249 
-0.194 
-0.212 
-0.176 
-0.104 
-0.347 
-0.327 
-0.307 
-0.753 
-0.629 
-0.524 
-0.602 
-0.524 
-0.410 
-0.865 
-0.753 
-0.602 
-0.865 
-0.720 
-0.629 
-0.688 
-0.602 
-0.477 
-1.278 
-0.954 
-0.907 
A= Sandy loam soil B= Loam soil C= Silt loam soil 
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TABLE-6.8. EFFECT OF DIFFERENT VOLUME FRACTIONS (F^) OF 
COSOLVENT (METHANOL) ON THE MOVEMENT OF SYNTHETIC PYRETHROIDS 
IN SOILS. MOVEMENT EXPRESSED IN TERMS OF Rpp,Rj., Rg AND R,^ 
VALUES 
Pyrethroid 
Cypremethrin 
Deltamethrin 
Fenvalerate 
Cypermethrin 
Deltamethrin 
Fenvalerate 
Cypermethrin 
Deltamethrin 
Fenvalerate 
Cypermethrin 
Deltamethrin 
Fenvalerate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
^ 
0.40 
0.24 
0.20 
0.36 
0.20 
0.14 
0.46 
0.36 
0.26 
0.82 
0.30 
0.26 
0.80 
0.24 
0.20 
0.85 
0.40 
0.36 
0.96 
0.65 
0.60 
0.80 
0.60 
0.51 
1.00 
0.75 
0.66 
1.00 
0.80 
0.80 
1.00 
0.72 
0.55 
1.00 
0.85 
0.83 
Rr 
At 0.25 fj, 
0.20 
0.12 
0.10 
0.18 
0.10 
0.07 
0.23 
0.18 
0.13 
At 0.50 f^  
0.61 
0.15 
0.13 
0.55 
0.12 
0.10 
0.67 
0.20 
0.18 
At 0.75 f^  
0.83 
0.56 
0.50 
0.72 
0.48 
0.40 
0.86 
0.68 
0.58 
At l.O f. 
0.88 
0.70 
0.65 
0.76 
0.61 
0.50 
0.90 
0.75 
0.69 
RB 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.40 
0.00 
0.0 
0.30 
0.00 
0.00 
0.49 
0.00 
0.00 
0.70 
0.47 
0.40 
0.64 
0.36 
0.29 
0.72 
0.61 
0.50 
0.76 
0.60 
0.50 
0.52 
0.50 
0.45 
0.80 
0.65 
0.55 
RM 
0.602 
0.865 
0.954 
0.658 
0.954 
' 1.123 
0.524 
0.658 
0.825 
-0.194 
0.753 
0.825 
-0.087 
0.865 
0.954 
-0.307 
0.602 
0.654 
-0.688 
-0.104 
0.000 
-0.410 
0.034 
0.176 
-0.788 
-0.327 
-0.140 
-0.865 
-0.367 
-0.268 
-0.500 
-0.194 
0.000 
-0.954 
-0.477 
-0.347 
A= Sandy loam soil; B= Loam soil: C= Silt loam soil 
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interaction occurred resulting in decreasing adsorption of pyrethroids. The soil 
TLC experiments here illustrated the role of solute-solvent interaction 
indicated the degree of adsorption of hydrophobic organic compounds i.e. 
pyrethroids. The results are in accordance with the work of Hassett et al.[25] 
who used soil TLC and studied the influence of increasing ethanol content on 
the movement of a-napthol in aqueous systems. They reported that as the 
percentage of ethanol increased, the movement increased which indicated a 
decrease in adsorption of the organic compounds. Similar results were reported 
by Helling [7], and Helling and Turner [6] while studding the role of solute-
solvent interaction in hydrophobic adsorption as illustrated by a soil TLC 
technique. The theoretical approach proposed by Rao et al.[26] also showed 
that an increase in organic cosolvent fraction resulted in an exponential 
decrease in adsorption coefficients due to an increased hydrophobic compound 
solubility. 
The higher movement of pyrethroids in acetone-water mixtures than 
in methanol-water mixtures at all f values may probably be due to the fact that 
pyrethroids studied have higher solubility in acetone than in methanol resulting 
in lower adsorption in acetone-water mixtures than methanol-water mixtures. 
Based on the mobilit>' scale of Helling and Turner [6] the pyrethroids generally 
become mobile in all the soils up to 0.50 f of acetone-water mixtures and 
thereafter these become highly mobile with increase in volume fraction of 
acetone. In methanol-water mixtures the pyrethroids have the same trend in 
sandy loam soil whereas in loam and silt loam soils, their mobilities varied 
from low mobile to mobile with increase in volume fraction of methanol. 
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Chapter -VII 
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©IM THE HOVEIMIKNIT ©F SYIMTIHIETIC 
FYI i^flHllRODOS m SOULS ySBIMO h S©IL TUm-
LMER OlHlRQIl/^TOSlRAFyY TiCIHllNlDOyE 
7.1. INTRODUCTION 
The surfactants used in formulations play a very significant role for 
environmental interest because after use, a major portion is disposed into 
waste water and eventually reach the natural waters. Surfactants enhance the 
apparent solubilit>' of hydrophobic organic compounds (HOCs), especially 
when present at above critical micelle concentration (CMC) at which surfactant 
monomers aggregate to micelles [1-3]. They are also used for chemical and 
biological remediation of contaminated soils and sediments [4-7]. Several 
worker [8-11] have reported that surfactants and pesticide compounds can 
interact under certain conditions and therefore, influence their adsorption and 
movement in soils, notwithstanding the fact that both types of compounds can 
frequently co-exist in soils and that new technologies are required to avoid or 
remedy the polluting effects of pesticides. The work pertaining to effect of 
surfactants on the movement of pesticides in soils [12-14] is very scanty. The 
movement of certain pyrethroids and their degradation products in soils have 
been reported [15]. Recently, Singh and Raj Kumar [16] have reported the effect 
of organic matter and cosolvents on the movement of synthetic pyrethroids in 
soils but no literature is available on the effect of surfactants on the movement 
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of pyrethroids in soils. Hence in the present studies an attempt has been made 
to study the effect of cationic [cetyl trimethyl ammonium bromide (CTAB)], 
nonionic [polyoxy ethylene sorbitan monolaurate (Tween '20')] and anionic 
[sodium dodecyl sulphate (SDS)] surfactants and their CMCs on the movement 
of cypBrmethrin [ R S - a - 3 - p h e n o x y benzyl (IRS)-Cis, tTans-3-(2,2-
dichlorvinyl) 2,2 (dimethyl cyclopropane carboxylate)], deltamethrin [(1R,3R)-
3-(2,2-dibromovinyl)-2,2 dimethyl cyclo carboxylate] and fenvalerate [(RS)-
2-4-dichlorophenyl)-3-methyl butyrate] in soils by using a soils thin-layer 
chromatography (TLC) technique. This type of study will help to understand, 
how movement of a soil applied pyrethroid can be altered by the presence of 
surfactants, when both co-exist in soil as a result of human activity and further, 
how the presence of surfactants can help in solving pollution problem posed 
by these pyrethroids. 
7.2 EXPERIMENTAL: 
7.2.1. Chemical and Reagents 
Synthetic Pyrethroids Solutions : 
Cypermethrin , deltamethrin and fenvalerate solutions of concentration 
1000 |ig ml* were prepared as described in Chapter - VI. 
Surfactant Solutions : 
Cationic (cetyl trimethyl ammonium bromide, CTAB), nonionic 
(polyoxyethylene sorbiton monolaurate, Tween '20') and anionic (sodium 
dodecyl sulfate . SDS ) surfactant solutions of different CMC values were 
prepared as described in Chapter - IV. 
All other chemicals and reagents used were the same as described in 
chapter-IV. 
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7.2.2. Apparatus: 
All apparatus used were the same as described in chapter-IV. 
7.2.3. Collection of Soil Samples: 
The soils used for these studies were the same as described in 
Chapter-VI and their properties are summarized in table 2.2 of Chapter-II. 
7.2.4. Soil TLC studies: 
Soil TLC plates of thickness 0.5 mm were prepared by spreading 
soil-water (2:1) slurry on 20 x 20 cm^ clean glass plates with the help of the 
TLC spreader. The plates were dried at room temperature and then activated at 
100 - 105"C in an oven for half an hour. Two lines, at 3 and 13 cm above the 
base were scribed to maintain the standard development distance of 10 cm. 
Ten jiL of 1000 )ig mL' solutions of cypermethrin, deltamethrin and fenvalerate 
were applied on the soil TLC plates, 3 cm above the bottom of the plates, with 
the help of a lambda pipette. A 2 cm wide strip of paper towel moistened with 
distilled water, was wrapped around the bottom of the plates. 
In order to evaluate the effect of water penetrability, there different 
approaches such as physical, solvent and soil modifications were employed. 
For physical modification natural soil spotted plates, were eluted with distilled 
water positioning the plates at 45*', 60" and 90" angles in a glass tank, solvent 
modification was done by eluting the natural soil spotted plates in the aqueous 
solutions of surfactants at concentrations of 0.17, 0.34, 0.68 g L'for CTAB; 
0.07, 0.14. 0.28 g L ' for Tween '20' and 1.19, 2.38, 4.76 g L ' for SDS and for 
soil modification, surfactants were directly added to the soil water mixture at 
the same rates as cited above (g kg* soil). In both the systems, soil plates were 
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placed in the glass tank at 45" plate angle to study the effect of surfactants on 
the movement of pyrethroids in soils and penetrability. 
The developed plates were air dried at room temperature and synthetic 
pyrethroids were detected by spraying the dried plates with 10 % methanolic 
iodine solution. The dark brown coloured spots of synthetic pyrethroids were 
detected and movements were expressed in terms of Rpp,Rf, Rg and R,^  values 
as defined in Chapter - IV. 
7.3. RESULT AND DISCUSSION 
When natural soil TLC plates spotted with pyrethroids were developed 
in distilled water by placing the plates at 45^60" and 90** angles in the glass 
tank, the water flux or penetrability (mobile phase velocity constant), K, was 
calculated from the slopes of the straight lines obtained by plotting a graph 
between square of the distance travelled by the distilled water 'x' over the time 
't'. The values were calculated by using the equation 
x = Kt '2+C (7.1) 
Where 'x' is position of the solvent front (cm) at time 't' minutes. The slop 
constant K (cm/min' -) is equivalent to term " penetrability" as suggested by 
Jackson [17]. Data given in Table 6.2 indicate that penetrability K increased 
by decreasing the plate angle probably due to change in capillary rise. Similar 
results were reported by Helling [18] while studying the effect of different 
parameters on pesticide mobility in soil using soil thin-layer chromatography. 
The values of penetrability, K, depend upon the characteristics of 
both the soils and solvent. Equation (7.1) is also equivalent to the expression 
cited by Brenner et al. [19] and Geiss [20] for solvent movement in thin-layer 
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TABLE-7.1. EFFECT OF AMMEDMENTS OF SOILS AND MOBILE PHASES 
(WATER) WITH SURFACTANTS AT VARYING C M C ' S ON THE 
PENETRABILITY OF THE SOILS 
Soils 
Aligarh sandy loam 
Dehradoon silt loam 
Jhansi loam 
Aligarh sandy loam 
Dehradoon siU loam 
Jhansi loam 
Aligarh sandy loam 
Dehradoon silt loam 
Jhansi loam 
Aligarh sandy loam 
Dehradoon sih loam 
Jhansi loam 
Aligarh sandy loam 
Dehradoon sih loam 
Jhansi loam 
Aligarh sandy loam 
Dehradoon silt loam 
Jhansi loam 
Penetrability (Kcm/min''^) 
I 1 1 Cationic surfactant (CTAB) used as adsorbent 
Natural soil 
1.40 
0.66 
0.73 
Noi 
1.40 
0.66 
0.73 
1.40 
0.66 
0.73 
1.40 
0.66 
0.73 
fiionic s 
At 
Catic 
Nonionic ! 
1.40 
0.66 
0.73 
1.40 
0.66 
0.73 
1/2CMC 
0.80 
0.48 
0.50 
urfactant (Tw 
0.83 
0.66 
0.70 
ionic surfacta 
0.33 
0.26 
0.30 
mic surfactant 
0.83 
0.56 
0.64 
lurfactnat (Tw 
1.08 
0.56 
0.66 
At CMC 
0.60 
0.45 
0.46 
een '20') used 
0.66 
0.53 
0.50 
2XCMC 
0.55 
0.40 
0.41 
as adsorbent 
0.62 
0.45 
0.50 
nt (SDS) used as adsorbent 
0.28 
0.23 
0.26 
(CTAB) used 
0.66 
0.49 
0.55 
een '20') used 
0.78 
0.49 
0.55 
0.21 
0.20 
0.21 
as developer 
0.60 
0.45 
0.50 
as developer 
0.64 
0.45 
0.50 
Anionic surfactant (SDS) used as developer 
1.13 
0.62 
0.68 
0.96 
0.52 
0.58 
0.78 
0.47 
0.50 
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chromatography i.e. 
Z / = a + bt (7.2) 
Where Z^^x and b ' ' = K. Experimentally, the contribution of constant 'C in 
equation (7.1) and 'a' in equation (7.2) was usually insignificant. 
When surfactant ammended soils and natural soils TLC plates were 
eluted with distilled water and aqueous surfactant solution of different CMCs, 
the values of K followed the order as sandy loam> loam > silt loam soils 
(Figures 7.1 - 7.6, Table 7.1). This may be due to the differences in textural 
and other properties of the soils. Water penetrability, K, in soils was reduced 
in the presence of surfactant solutions and surfactant ammended soils when 
compared with natural soil TLC plates developed in distilled water. Similar 
results were reported by Helling [18]. The reduction was generally more 
pronounced in pretreated soils according to the results obtained by Kijne [21] 
and Rosen [22] and more pronounced for non ionic and cationic surfactants 
whereas K decrease was more evident in anionic and cationic surfactant 
ammended soils. 
The results of the movement of pyrethroids in natural soils (eluted 
with distilled water and aqueous surfactant solution at different CMCs) and in 
surfactants ammended soils (eluted with distilled water were expressed in term 
of Rpp, Rj. Rg and R^ j values (average values of three replicates) and are 
summarised in Tables 7.2 -7.7. The movement of all the pyrethroids was greater 
in sandy loam soil than the loam or silt loam soils. This is due to the differences 
in the physico -chemical characteristics of the soils. On the basis of Rj. values, 
(Tables 7.2 - 7.7) the movement of pyrethroids followed the order : 
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fenvalerate> cypermethrin > deltamethrin. The higher movement of fenvalerate 
followed by cypermethrin and deltamethrin was positively correlated with the 
aqueous solubilities and inversely with the polarities of pyrethroids. The results 
are in accordance with the work of Gustafson and Paleos [23] who reported 
the effect of solubility, polarity, molecular weight, structure and number of 
function groups of certain solutes on movement. The higher movement of 
cypermethrin as compared to deltamethrin is probably due to its lesser polarity 
and molecular size then deltamethrin. Cypermethrin and deltamethrin have the 
same structure expect that the former has chlorine and the latter bromine and 
chlorine derivative is less polar than bromine analogue due to the controlling 
resonance effect which is possible in both cases where inductive and resonance 
effect are opposing each other and the letter factor dominates. 
When relative mobility of synthetic pyrethroids was compared 
according to the pesticide mobility classification of Helling and Turner [24] 
for soil TLC plates, all the pyrethroids were classified as low mobility 
compounds in the soils examined. These results demonstrated, however, that 
very little movement of any intact synthetic pyrethroids would occur 
through soil. Similar conclusions were reported by 
Kaufman el al. [15] while studying the movement of pyrethroids in soils. 
7.3.1. Effect of the Cationic Surfactant (CTAB) on the Movement of 
Synthetic Pyrethroids in Soils: 
When cationic surfactant, CTAB anmiended soil TLC plates spotted with 
pyrethroids were developed in distilled water, a significant decrease in the 
movement of pyrethroids was observed at CMC and 2 x CMC ammended soils 
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TABLE-7.2. MOVEMENT OF SYNTHETIC PYRETHROIDS IN CATIONIC 
SURFACTANT ( C T A B ) AMMENDED SOILS WHEN LEACHED WITH DISTILLED 
WATER. MOVEMENT EXPRESSED INTERMS OF R^p, R^, Rg AND R , ^ VALUES 
Pyrethroid 
* 
Cypremethrin 
Deltamethrin 
^enavalrate 
Cypremethrin 
Deltamethrin 
^enavalrate 
Cypremethrin 
Deltamethrin 
!^enavalrate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RFT 
0.22 
0.16 
0.12 
0.18 
0.12 
0.10 
0.26 
0.20 
0.16 
0.16 
0.12 
0.10 
0.14 
0.06 
0.00 
0.20 
0.14 
0.14 
0.10 
0.08 
0.00 
0.06 
0.00 
0.00 
0.16 
0.08 
0.06 
Rr 
At 1/2 CMC 
0.11 
0.08 
0.06 
0.09 
0.06 
0.05 
0.13 
0.10 
0.08 
At CMC 
0.08 
0.06 
0.05 
0.07 
0.03 
0.00 
0.10 
0.07 
0.07 
At 2 X CMC 
0.05 
0.04 
0.00 
0.03 
0.00 
0.00 
0.08 
0.04 
0.03 
R B 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
RM 
0.907 
1.060 
1.194 
1.004 
1.194 
1.278 
0.825 
0.954 
1.060 
1.060 
1.194 
1.278 
1.123 
1.509 
oc 
0.954 
1.123 
1.123 
1.278 
1.380 
oc 
1.509 
oc 
X 
1.060 
1.380 
1.509 
A= Sandy loam soil B=loam soil C= Silt loam soil 
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TABLE-7.3. MOVEMENT OF SYNTHETIC PYRETHROIDS IN SOILS 
LOACHED WITH AQUEOUS SOLUTIONS OF CATIONIC SURFACTANTS 
(CTAB). MOVEMENT EXPRESSED IN TERMS OF Rj,p, 
R , AND R^ VALUES 
I M 
Pyrethroid 
-
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Deltamethrin 
Fenavalrate 
A= Sandy loan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
n soil 
RFK 
0.24 
0.18 
0.14 
0.18 
0.14 
0.12 
0.28 
0.20 
0.16 
0.18 
0.14 
0.12 
0.16 
0.12 
0.10 
0.26 
0.16 
0.14 
0.12 
0.10 
0.06 
0.06 
0.0 
0.0 
0.18 
0.10 
0.08 
B=loam s 
Rr 
At 1/2 CMC 
0.12 
0.09 
0.07 
0.09 
0.07 
0.06 
0.14 
0.10 
0.08 
At CMC 
0.09 
0.07 
0.06 
0.08 
0.06 
0.05 
0.13 
0.08 
0.07 
At 2 X CMC 
0.06 
0.05 
0.03 
0,03 
0.0 
0.0 
0.09 
0.09 
0.04 
oil C= Silt lo 
R B 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
am soil 
RM 
0.865 
1.004 
1.123 
1.004 
1.123 
1.194 
0.788 
0.954 
1.060 
1.004 
1.123 
1.194 
1.060 
1.194 
1.278 
0.825 
0.825 
1.123 
1.194 
1.278 
1.509 
1.509 
00 
00 
1.004 
1.004 
1.380 
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(Table 7.2) while in 1/2 CMC, CTAB ammended soils a slight decrease in R^  
values was observed. Generally, a similar trend was observed when surfactant-
free soil TLC plates spotted with pyrethroids were eluted with aqueous CTAB 
solution of different CMC values (1/2 CMC, at CMC and 2 x CMC) 
(Table 7.3). The decrease in movement of pyrethroids in both the systems i.e. 
in surfactant ammended soils and in surfactant aqueous solution at all CMCs 
may be due to increase in adsorption of pyrethroids, because CTAB is cationic 
in nature and adsorbed ( cation exchanged) by the soils in the form of 
hemimicelles/ admicelles [25]. Similar results were reported by Sanchez-
Camazano et al. [14] while studying the effect of different surfactants on the 
mobility of diazinon, atrazine, metolachlor and acephate in soil. 
7.3.2. Effect of the Nonionic Surfactant (Tween '20')on the 
Movement of Synthetic Pyrethroids in Soils: 
On examination of Table 7.4, there was a slight decrease in the movement 
of all three pyrethroids when Tween '20' was used as adsorbent at 1/2 CMC but 
beyond this concentration i.e. at CMC and 2 x CMC ammended soils a 
significant increase in the Revalues was observed. A similar trend was observed 
when natural soil TLC plates spotted with pyrethroids were eluted in aqueous 
solution of Tween '20' of different CMCs (Table 7.5). The decrease in the 
movement of pyrethroids at 1/2 CMC may be due to the increase in adsorption 
of pyrethroids by marked dispersion of soil particles which increases the 
number of available adsorption sites rather than an interaction between 
Tween '20' and pyrethroids molecules. At CMC and 2 x CMC, the proportion 
of surfactant micelles adsorbed out of the total amount of the solution is much 
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TABLE-7.4. MOVEMENT OF SYNTHETIC PYRETHROIDS IN NONIONIC 
SURFACTANT (TWEEN ' 2 0 ' ) AMMENDED SOILS WHEN LEACHED WITH 
DISTILLED WATER. MOVEMENT EXPRESSED IN TERMS OF 
Rpp ,Rj AND R^, VALUES 
Pyrethroid 
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Dekamethrin 
Fenavalrate 
Cypremethrin 
Deltamethrin 
Fenavalrate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
'A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RKP 
a.24 
0.18 
0.14 
0.18 
0.12 
0.11 
0.28 
0.20 
0.16 
0.40 
0.34 
0.30 
0.36 
0.28 
0.20 
0.52 
0.40 
0.36 
0.46 
0.28 
0.36 
0.40 
0.32 
0.24 
0.66 
0.48 
0.46 
Rr 
At 1/2 CMC 
0.12 
0.09 
0.07 
0.09 
0.06 
0.055 
0.14 
0.10 
0.08 
At CMC 
0.20 
0.17 
0.15 
0.18 
0.14 
0.10 
0.26 
0.20 
0.18 
At 2 X CMC 
0.23 
0.19 
0.18 
0.20 
0.16 
0.12 
0.33 
0.24 
0.23 
R B 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
K 
0.865 
1.004 
1.123 
1.004 
1.194 
1.235 
0.788 
0.954 
1.060 
0.602 
0.688 
0.753 
0.658 
0.788 
0.954 
0.454 
0.620 
0.658 
0.524 
0.629 
0.658 
0.602 
0.720 
0.865 
0.307 
0.500 
0.524 
A= Sandy loam soil B=loam soil C= Silt loam soil 
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TABLE-7.5. MOVEMENT OF SYNTHETIC PYRETHROIDS IN SOILS WHEN 
LEACHED WITH AQUEOUS SOLUTION OF NONIONIC SURFACTANTS (TWEEN 
'20'). MOVEMENT EXPRESSED IN TERMS OF R^p, R^jRg AND R ^ VALUES 
Pyrethroid 
-
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Deltamethrin 
Fenavalrate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RpF 
0.24 
0.18 
0.15 
0.18 
0.12 
0.10 
0.28 
0.22 
0.20 
0.40 
0.30 
0.26 
0.36 
0.24 
0.22 
0.56 
0.34 
0.30 
0.60 
0.44 
0.38 
0.48 
0.32 
0.30 
0.76 
0.48 
0.40 
Rr 
At 1/2 CMC 
0.12 
0.09 
0.85 
0.09 
0.06 
0.05 
0.14 
0.11 
0.10 
At CMC 
0.20 
0.15 
0.13 
0.18 
0.12 
0.11 
0.28 
0.17 
0.15 
At 2 X CMC 
0.30 
0.22 
0.19 
0.24 
0.16 
0.15 
0.38 
0.24 
0.20 
RB 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
K 
0.865 
1.004 
1.091 
1.004 
1.194 
1.278 
0.788 
0.907 
0.954 
0.602 
0.753 
0.825 
0.658 
0.685 
0.907 
0.410 
0.688 
0.753 
0.367 
0.549 
0.629 
0.500 
0.720 
0.753 
0.212 
0.500 
0.602 
A= Sandy loam soil B=loam soil C= Silt loam soil 
267 
smaller than at 1/2 CMC. This may also occur at high surfactant concentration 
as the surfactant micelles can compete and partly replace the free pyrethroid 
molecules adsorbed on soil surface. These molecules would be incorporated 
into micelles in the solution phase, decreasing pyrethroids adsorption and 
increasing the movement. The results are in accordance with the work of 
Aronstein et al. [26] and Sun et al. [5] who studied the effect of nonionic 
surfactants on adsorption, desorption, mobility and biodegradation of 
hydrophobic organic compounds in soils. 
7.3.3. Effect of the Anionic Surfactant (SDS) on the Movement of 
Synthetic Pyrethroids in Soils: 
Using anionic surfactant (SDS) ammended soils at CMC and 2 x CMC as 
static phase and distilled water as mobile phase, a marked increase in the 
movement of the pyrethroids was obtained (Table 7.6) while at 1/2 CMC 
ammended soils the movement, by the large remains unaffected. A similar 
trend was observed when surfactant-free soil TLC plates spotted with pyrethroids 
were developed in aqueous SDS solutions of different CMCs (Table 7.7). This 
could be related to several mechanisms occurring simultaneously : (i) 
competition for active hydrophobic adsorption sites on soil surface between 
pyrethroids and SDS (ii) equilibria of SDS among monomers, micelles and 
hemimicelles/admicelles (monomers adsorbed on soil surface (iii) partitioning 
of pyrethroids among soil hydrophobic adsorption sites, SDS micelles (i.e. 
solubilization) and hemimicelles/ admicelles formed on soil surfaces and (iv) 
interaction of pyrethroids with SDS monomers. These results are in accordance 
with the work of several researchers [25-29] who studied the effect of certain 
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TABLE-7.6. MOVEMENT OF SYNTHETIC PYRETHROIDS IN ANIONIC 
SURFACTANTS ( S D S ) AMMENDED SOILS WHEN LEACHED WITH DISTILLED 
WATER. MOVEMENT EXPRESSED IN TERMS OF R„,Rf, Rg AND R ^ VALUES 
Pyrethroid 
-
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Dehamethrin 
Fenavalrate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RpT 
0.24 
0.18 
0.15 
0.20 
0.12 
0.10 
0.28 
0.20 
0 16 
0.52 
0.36 
0.30 
0,46 
0.28 
0.20 
0.72 
0.40 
0.36 
0.60 
0.50 
0.56 
0.52 
0.18 
0.40 
0.65 
0.50 
0.58 
K 
At 1/2 CMC 
0.12 
0.09 
0.85 
0.10 
0.06 
0.05 
0.14 
0.10 
0.08 
At CMC 
0.26 
0.18 
0.15 
0.23 
0.14 
0.10 
0.36 
0.20 
0.18 
At 2 X CMC 
0.55 
0.35 
0.28 
0.46 
0.24 
0.20 
0.60 
0.40 
0.29 
K 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.50 
0.20 
0.00 
0.40 
0.00 
0.00 
0.55 
0.30 
0.00 
K 
0.865 
1.004 
1.091 
0.954 
1.194 
1.278 
0.788 
0.954 
1.060 
0.454 
0.658 
0.753 
0.524 
0.788 
0.954 
0.249 
0.602 
0.658 
-0.087 
0.2688 
0.4101 
0.0696 
0.5006 
0.6020 
-0.176( 
0.1760 
0.3888 
A= Sandy loam soil B=loam soil C= Silt loam soil 
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TABLE-7.7. MOVEMENT OF SYNTHETIC PYRETHROIDS IN SOILS WHEN 
LEACHED WITH AQUEOUS SOLUTION OF ANIONIC SURFACTANT (SDS). 
MOVEMENT EXPRESSED IN TERMS OF R^p, R^iR^ AND R ^ VALUES 
Pyrethroid 
^ 
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Deltamethrin 
Fenavalrate 
Cypremethrin 
Dehamethrin 
Fenavalrate 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
RKF 
0.24 
0.18 
0.16 
0.18 
0.12 
0.10 
0.26 
0.22 
0.16 
0.52 
0.40 
0.24 
0.40 
030 
0.18 
0.64 
0.40 
0.26 
0.56 
0.44 
0.40 
0.48 
0.38 
0.26 
0.78 
0.60 
0.50 
Rr 
At 1/2 CMC 
0.12 
0.09 
0.08 
0.09 
0.06 
0.05 
0.13 
0.11 
0.08 
At CMC 
0.26 
0.20 
0.12 
0.20 
0.15 
0.09 
0.32 
0.20 
0.13 
At 2 X CMC 
0.28 
0.22 
0.20 
0.24 
0.19 
0.13 
0.39 
0.30 
0.25 
RB 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
K 
0.865 
1.004 
1.060 
1.004 
1.194 
1.278 
0.825 
0.907 
1.060 
0.454 
0.602 
0.865 
0.602 
0.753 
1.060 
0.327 
0.602 
0.825 
0.4101 
0.5496 
0.6020 
0.5006 
0.6297 
0.8255 
0.1942 
0.3679 
0.4771 
A= Sandy loam soil B=loam soil C= Silt loam soil 
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anionic surfactants on the adsorption, partitioning and solubilization of 
nonionic organic compounds. 
The results show that the behaviour of pyrethroids in soil-water 
systems with micelle forming surfactant depends on the (i) nature of the 
surfactant whether it is cationic, anionic or nonionic (ii) degree of 
hydrophobicity or polarity of the pyrethroids (ill) presence of the surfactants 
in soils and in the eluents and (iv) the surfactant concentrations employed, i.e. 
below CMC, at CMC and above CMC. Although, the increase in the apparent 
water solubility of hydrophobic organic compounds is generally accepted, the 
effect of addition of surfactants in soil- water- pyrethroids systems on the 
partitioning of the pyrethroids is extremely complex. The results obtained also 
show that the pyrethroids movement may increase or decrease depending on 
the particular pyrethroids, surfactants and its concentration. 
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Effect of Organic matter and Cosolvents (acetone and methanol) 
on the Movement of Synthetic Pyrethroids in Soils 
R.P. Singh and Raj Kumar 
Laboratories of Soil Sciences, Department of Botany, 
Faculty of Life Sciences, Aligarh Muslim University, 
Aligarh-202 002, India. 
The effect of organic matter and organic cosolvents (acetone and methanol) on the movement of 
3 synthetic pyrethroids (cypermethrin, deltamethrin and fenvaleratc) in 3 different types of 
Indian (sandy loam, loam and silt loam) soils has been studied by using soil thin - layer 
chromatographic technique. The movement of pyrethroids was expressed in terms of frontal Rf, 
Rf, Rg and R|^  values. In pure water systems the pyrethroids were strongly hydrophobically 
adsorbed and gave little movement Movement of pyrethroids was higher in sandy loam soil 
followed by loam and silt loam soils. Removal of organic matter firom the soils increased the 
movement of pyrethroids. Similarly, with the increase of volume fractions of both the organic 
cosolvents (acetone and methanol); the movement increased. The variation in movemet of 
pyrethroids in soils has been discussed on the basis of their solubilities in water and cosolvents, 
polarity, adsorption and solute - solvent interactions. 
KEY WORDS: Pyrethroids. soil TLC, movement, cosolvents, organic matter 
Adsorption and movement of pesticides in 
soils affect their ability to effectively control the 
targeted pests and determine whether or not the 
use of these chemicals may lead to an adverse 
environmental impact. It has been reported by 
several woiicers that certain pesticides are founo 
in surface and ground waters''^. Soil thin-layer 
chromatography has been used successfully to 
characterise the mobility of a large number of 
persistent organochlorine, organophosphorus 
and carbamate pesticides in soils^'^. It is a unique 
laboratory technique in which soil is used as an 
adsorbent in a TLC system. There is currently a 
growing interest on the behaviour of cosolvents 
in soil and their effects on the behaviour of 
hydrophobic organic compounds (HCXTs). The 
literature pertaining to the influence of various 
cosolvents on the adsorption of HOCs in general 
and pesticides in particular is very meagre'*"'*. 
Recently, in our laboratory the adsorption of a 
pyrethroid (cypermethrin) at fixed volume 
fraction of acetone was studied'"-"'. Only few 
references are available on the movement of 
pyrethroids in soiP'-^^. Moreover , the 
information pertaining to effect of cosolvents 
(acetone and methanol) on the movement of 
synthetic pyrethroids in soils is not available in 
literature. Hence, in the present investigation an 
attempt has been made to examine the impart of 
different volume fractions of miscible organic 
cosolvents (acetone and methanol) on the 
movement of synthetic pyrethroid 
(cypermethrin, deltamethrin, fenvalerate) 
insecticides in soils by using soil thin-layer 
chromatographic technique. The purpose of this 
investigation is to facilitate the movement in 
terms of numerous potential factors including 
the enhancement of solubility of pyrethroids in 
presence of cosolvents in the liquid phase and the 
differences observed in mobility in presence of 
MoNcmcm of synthetic pyrcthroids in soils bf> 
cosolvent system!* in predicting pyrethroid 
movement from codisposal sites. This study will 
help in modelling the movement of toxic wastes 
from landfills and in the developtnent of a clean 
up procedure from spills and landfills. 
MATERIALS AND METHODS 
Soils for thin layer plates: Surface samples 
(0-30 cm) of silt loam, loam and sandy loam soils 
were collected from Dehradodn, Jhansi and 
Aligarh districts of (Uttar Pradesh) India, 
respectively. The soils were dried, crushed and 
passed through 100 mesh sieve to obtain samples 
with small and nearly homogeneous particle size. 
The physico-chemical properties of the soils 
were determined by the standard techniques and 
values obtained are summarised in Table 1. 
Insecticides : Cypermethrin (25 EC), 
deltamethrin (2.8 EC) and fenvalerate (20 EC) 
formulations were obtained from M/s Bharat 
Pulverising Mills Ltd, Mumbai, M/s Hoechst 
India Limited, Mumbai and M/s United 
Phosphorus Limited, Mumbai, respectively. 
Preparation of plates and application of 
insecticides : Clean glass plates (20 x 20 cm) 
were coated with water slurry of soil samples 
(0.5 mm thickness) with the help of the TLC 
spreader. The plates were dried at room 
temperature and then activated at 1(X)-]05°C in 
an oven for half an hour. After activating the 
plates, two lines at 3 cm and 13 cm above the 
base were scribed to maintain the standard 
development distance (10 cm). Ten jil 
cypermethrin, [RS -a- cyano -3- phenoxy 
benzyl (IRS) - cis, trans -3- (2,2-dichlorovinyl) 
2, 2 (dimethyl cycio propane carboxylate)], 
deltamethrin [(IR, 3R) -3- (2,2-dibromovinyl) -
2,2-dimcthyl cyclocarboxylate) find fenvalerate 
[(RS) -2- (4-dichlorophenyl) -3- methyl 
hulyraie] solutions of concentrations 1000 ng 
m!' were applied as spots on the soil TLC plates 
with the help of lambda pipettes, 3cm above the 
bottom of the plates. A 2 cm wide strip of papci 
towel moistened with distilled water, was 
wrapped round the bottom of the plates. The 
loaded plates were then dried and eluted with 
distilled water by ascending chromatography in 
glass tank. 
To study the effect of organic matter on the 
movemet of synthetic pyrcthroid.s, organic 
matter removed soil TLC plates were prepared. 
The soil was treated with 30% hydrogen 
peroxide '^ and used as static phase employing 
distilled water as eluent. Since it was difficult to 
get rid of organic matter completely, attempts 
were made to remove ilto the maximum possible 
extent (85%). 
Development and detection of spots : The 
effect of different volume fractions (f^  = 0.25. 
0.50,0.75 and l.CX)) of cosolvents (acetone and 
methanol) on the movement of synthetic 
pyrethroids was .studied by eluting the natural 
soil TLC plates loaded with pyrethroids with 
solutions of different volume fractions of 
cosolvents. The developed plates were air dried 
at room temperature and the pyrethroids were 
detected by spraying 10% methanoiic solution of 
iodine. The dark brown coloured spots of 
pyrethroids were detected and the movement 
was expressed in terms of frontal R^  R^  R^  and 
R^ values as: 
Frontal Rf = Distance moved by spot 
Distance moved by developer 
R =^ 1/10[R^ + RL/2] 
where R^  and R^  denote as tailing and lateral 
fronts, respectively; 
P _ Distance moved by bottom of the spot 
Distance moved by developer 
For high degree of reproducibility, the results 
were discussed on the basis of the R^ values'"", 
because these arc considered as standard and are 
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obtained by the relation 
R^ = log(l /R,-l) 
RESULTS AND DISCUSSION 
Effect of organic matter and cosolvents on 
the movement of synthetic pyrethroids 
The effect of organic matter and cosolvents 
(acetone and methanol) on the movement of 
three synthetic pyrethroids in soils is expressed 
in terms of frontal R^ , R^ , R^ and R^ values. The 
averages of these values (three repetitions) are 
summarised in Tables 4 to 7. 
When natural soils were used as adsorbents 
and pure water as developer, all the 3 pyrethroids 
were strongly hydropobically adsorbed and 
hence gave little movement, and the frontal R^  
and Revalues showed tailings (Table 4) and no 
lateral movement (R^ = 0) was observed. On 
examination of Table 4, the movement of all the 
pyrethroids was greaiei in sandy loam soil 
followed by laom and sill loam soils. The lower 
movement in silt loam soil is probably due to its 
high organic matter, clay, calcium carbonate, 
surface area, CEC etc. followed by loam and 
sandy loam soils (Table I). The highest RM 
values of deltamethrin are indicative of its least 
movement in all the soils On the basis of R^ 
values the movement of pyrethroid.s followed 
the order: fenvalerate > cypermethrin > 
deltamethrin in all the soils. The higher 
movement of fenvalerate followed by 
cypermethrin and deltamethrin was positively 
conelated with the aqueous solubility (Table 2) 
and inversely with the polarity of pyrethroids 
The higher movement of cypermethrin as 
compared to deltamethrin is probably due to its 
lesser polarity and molecular size than 
deltamethrin. Cypermethrin and deltamethrin 
have the same structure except that the former 
Table 1. Physico - chemical parameters of the soils 
Property Aligarh soil Dehradoon soil Jhansi soil 
Mechanical composition 
Sand(%) 
Silt(%) 
Clay (%) 
Texture 
Organicmatter(%) 
Organic carbon (%) 
CEC{Cmol(P)Kg^'] 
Surface area (m-g'') 
pH 
CaCO, (%) 
70.20 
22.80 
7.00 
ndyloam 
0.57 
0.33 
9.00 
77.4) 
8.80 
0 25 
24.60 
56.90 
18.50 
Silt loam 
2.16 
1.25 
19.50 
200.64 
5.90 
6.00 
45 85 
38 15 
16.00 
Loam 
0.60 
0.35 
8.50 
100.40 
790 
4 35 
Table ] 
Pyrethroid 
Cypennethnn 
Deltamethrin 
Fenvalerate 
'.. Selected properties of synthetic pyrethrmd insecticides used in 
Formula 
C,: H., CI, NO, 
C^ H,, Br, NO, 
C„ H„ CI NO, 
MW 
416 3 
505 2 
4199 
Solubility 
in water (mg 1') 
0.01-0.20 
0.002 
<1.0 
Solubility 
in acetone 
> 4 5 0 g l ' 
SOOgP 
> l l cgkr ' 
the study 
Solubility 
m methanol 
337 gl-
15gL 
> l k g k g ' 
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Table 3. Pesticide mobilit} classification for aoil 
TLC plates according to Helling and Ibrner, 1S>68' 
Class Frontal R, range Description 
1 
2 
3 
4 
5 
0.00-0.09 
0.10-0.34 
0.35-0.64 
0.65-0.89 
0.90-1.00 
Immobile 
Low mobile 
Intermediate mobile 
Mobile 
Very mobile 
has chlorine and the latter bromine and chlorine 
derivative is less polar than the bromine analogue 
due to the controlling resonance effect which is 
possible in both ca.se.s where inductive and 
resonance effects arc opposing each other and 
the latter factor dominates. 
When relative mobihties of synthetic pyre-
throid insecticides were compared according to 
the pesticide mobility classification of Helling 
and Turner^ for soil TLC plates (Tabic 3), all the 
pyrethroids were classified as low mobility 
compounds in the examined soils. These results 
demonstrated, however, that very little 
movement of any intact synthetic pyrethroid 
would occur through soil. Similar conclusions 
were reported by Kaufman etaP' while studying 
Table 4. Movement of synthetic pyrethroids in natural soils using distilled water as eluent 
(movemet expressed in terms of frontal R^  R^  R, and R^ values) 
Pyrethroid 
Cypcrmethrin 
Deltamethrin 
Fenvalerate 
A = Sandy loam soil 
Soil 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Frontal R, 
0.26 
0.20 
0.16 
0.20 
0.16 I'r 
0.12 
a 3 0 
0.26 i"* 
0.18 
B = Loam soil 
R. 
0.13 
0.10 
0.08 
0.10 
0.08 
0.06 
0.15 
0.13 
0.09 
RB 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
C = Silt loam soil 
K 
0.825 
0.954 
1.060 
0.954 
1.060 
1.194 
0.753 
0.825 
1.004 
TVible 5. Movement of synthetic pyrethroids in organic matter removed soils using distilled water as 
duent (movement expressed in terms of frontal R^  R^  R, and R^ values) 
Pyrethroid 
Cypcrmethrin 
Deltamethrin 
Fenvalerate 
A = Sandy loam soil 
Soil 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Fronul R, 
0.50 
0.30 
0.28 
0.36 
0.26 
0.20 
0.58 
0.42 
0.32 
B = Loam soil 
R, 
0.25'' 
0.15.' 
0.14-v 
0.18 
0.13 
0.10 
0.29 
0.21 
0.16 
RB 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 0 
0.0 
0.0 
C = Sill loam soil 
RM 
0.477 
0.753 
0.788 
0.658 
0.825 
0.954 
0.388 
0.575 
0.720 
OS K P Sinuii iml R.>j Ku-iuir 
Tabic 6. F.ffcit i>l VHMIIMIII (acviuiic) Oii llu- ino\;<nt«iU itf i}'nih<-li(- pyrt.->hriiid» in sMs 
(ini»i'iiK>nt i-xpn^&si-d in term:! or finnial R^ R^ K^ and R,, >tflucs 
Psrclhroid 
Cvp^rrrtteihnn 
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the movement of pyrethroids in soils. 
Removal of organic matter from the soils 
increased the movement (Table 5) of all the 3-
pyrethroids in soils because of less adsorptive 
capacity. Its destruction decreased the 
adsorption resulting in an increase of frontal R, 
and R, values and decrease in R„ values and 
relative mobilities of all the pyrethroids classified 
from low mobility to intermediate mobility*. 
Similar results were reported by Helling' and 
Singh et a/". 
To study the effect of organic cosolvents on 
the movemet of pyrethroids in soils, acetone 
and methanol were used as cosolvents. Both 
these cosolvents were used because they are 
completely miscible with water and are 
expecteed to be found in most waste streams 
from industrial wastes and represent two 
extreme classes of polarity. Acetone is a proton 
acceptor while methanol, a proton donor. 
The role of cosolvents (acetone and 
methanol) on the movement of pyrethrods was 
studied by eluting the pyrethroid spotted plates 
with different volume fractions (f, = 0.25,0.SO, 
0.75 and 1.00) of acetone and methanol. The 
values of frontal R^ Rp R, and R^ are 
summarised in Tables 6-7. Increasing the 
concentrations of acetone and methanol in 
mobile phase resulted in higher values of frontal 
Rp Rp Rg and a decrease in R^ values (Tables 6-
7). As the volume fractions of acetone and 
methanol increased in the mobile phase, it 
continually becomes better solvent for 
pyrethroids and hence a strong solute-solvent 
interaction occurred resulting in decreasing 
adsorption of pyrethroids. The soil TLC 
experiments here illustrated the role of solute -
solvent interaction indicating the degree of 
adsorption of hydn^hobic oi^aic compounds 
i.e. pyrethroids. The results are in accordance 
with the woric of Hassett et aP who used soil 
TLC and studied the influence of increasing 
ethanol content on the movement of a-naphthot 
in aqueous systems. They reported that as the 
percentage of ethanol increased, the movemeni 
increased which indicated a decrease in 
adsorption of the organic compounds. Similar 
results were reported by Helling\ and Helling 
and Turner* while studying the role of solute • 
solvent interaction in hydrophobic adsdrption 
as illustrated by a soil TLC technique. The 
theoretical approach proposed by Rao et aP* 
also showed that an increase in organic 
cosolvent fraction resulted in an exponential 
decrease in adsorption coefficients due to an 
increased hydrophobic compound solubility. 
The higher movement of pyrethroids in 
acetone - water than in methanol-water mixtures 
at all fj values may probably be due to the faci 
that pyrethroids studied have higher solubility in 
acetone than in methanol resulting in lower 
adsorption in acetone - water mixtures in 
comparison to methanol - water mixtures. Based 
on the mobility scale of Helling and Turner*, tht 
pyrethroids generally become mobile in all soib 
upto 0.50 fj of acetone -water mixtures and 
thereafter these become highly mobile witb 
increase in volume fraction of acetone, k 
methanol - water ntixtures the pyrethroids have 
the same trend in sandy loam soil whereas it 
loam and silt loam soils, their mobilities varied 
from low mobile to mobile with increase it 
volume fraction of methanol. 
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Effect of Water Flux, Organic Matter, pH and Cosoivents on the 
Movement of Pesticides in Three soils 
R.P. SINGH AND RAJ KUMAR 
Laboratories of Soil Science, Department of Botany, Faculty of Life Sciences, Aligarh Muslim 
University. Aligarh. U.P. 202002 
Abstract: The efTect of water/cosolvent flux, organic matter, pH and cosolvenu (acetone and 
methanol) on the movement of three pesticides (carbofuran, chlorpyrifos and endosulphan) in 
three different types of soils (sandy loam, loam and silt loam) has been studied by using soil 
thin-layer chromatographic technique. The movement of the pesticides was expressed in term of 
frontal R^ Rp Rg and R^ values. In pure water and cosolvent systems the f1u.\/ penetrability was 
increased by reducii^ the plate angle. Movement of pesticides was higher in sandy loam soil 
followed by loam and silt loam soils. Removal of organic matter from the soils increases the 
movement of pesticides. Similarly with the increase in the volume fractions of both the 
cosoivents, the movement increases. The movement of pesticides in soils was discussed on the 
basis of their solubilities in water and cosoivents. polarity, adsorption and solute-solvent 
interactions. {KeyvMtrds: TLC, movement, pesticides, soil, flux) 
Considerable amount of work has been done on 
the adsorption and movement of pesticides in soils 
(Felsot & Wilson 1980; ShanU et at. 1997; Singh & 
Singh 1997). Literature on these aspects has been 
reviewed by Bailey and White (1970X Helling 
(1970) and Cheng (1989). Soil TLC technique was 
introduced by Helling and Turner (1968) as a 
technique useful for rapid, reproducible and 
inexpensive assessment of pesticide mobility with 
autoradiography of radioactive pesticides. Recently, 
several researchers (Crisanto et al. 1994; Sanchez-
Camazano et al. 199S; Singh & Raj kumar 1998) 
have used this technique successfully to 
characterize the mobility of large number of 
pesticides in soils under different environmemal 
conditions and have shown the probability of 
ground water being polluted by transporting of 
pesticides. Therefore, there is a need to study the 
movement of pesticides in soils under different 
conditions. Hence, in the present investigation, an 
attempt has been made to study the effect of water 
and solvent flux. pH, organic matter and cosoivents 
(acetone and methanol) on the movement of 
carbofuran, chlorofuran, chloropyrifos and 
endosulphan in three different types of soUs. 
Materials and Methods 
The surface soil samples (0-30 cm depth) 
were collected from village Lahrota of district 
Aligarh, village Doiwala and Forest Research Insti-
tute of district Dehradoon of (U.P.) India, respec-
tively. The soils were dried, crushed and sie\-ed 
and their physicochemical properties such as me-
chanical composition (% sand, % silt and % clay). 
pH, percentages of organic matter, organic carbon 
and calcium carbonate, CEC and surface area were 
determined by the standard techniques and results 
obtained as summarised in table 1. 
The pesticides used in this study were sup-
plied by the following manufactures : carbofuran 
(technical grade) by M/s Rallis India Ltd, Banga-
lore, chlorpyrifos (20 % EC) by M/s Lupin Agro-
chemicals India Ltd. Mumbai and endosulphan 
(35% EC) by M/s Noniiem Minerals Ltd, Gurgoan. 
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Table 1. Physicochciiucul properties ofUie soils 
Soil 
properties 
Aligarh 
soil 
FRI 
soil 
Doiwala 
soil 
Mechanical composition 
Sand(%) 70.20 49.93 24 60 
Silt(%) 22.80 33.01 56.90 
CIay(%) 7.00 17.06 18 50 
Texture Sandy loam Loam Silt loam 
pH 8.80 6.90 5 90 
Organic carbon (g kg') 3.3 5.1 12 5 
CaCO,(gkg') 2.5 3.5 6.0 
GEO [cmol (?•) kg'l 9.00 24.20 19.50 
Surface area (m'/g') 77.41 164.51 200 64 
The characteristics of pesticides are presented in 
table 2. 
Table 2. Selected properties of pesticides 
with distilled water, was wrapped around the bot-
tom of the plates. The loaded plates were dried and 
eluted with distilled water by ascending chroma-
tography in glass tank. The developed plates were 
air-dried at room temperature and caibofiiran was 
delected by spraying the plates with 5 per cent 
methanolic KOH solution followed by 0.1 per cent 
p-nitrobenzene diazonium tetrafluoroborate. Violet 
coloured spots indicated carboiuran. The brown 
spots of chloropyrifos and endosulphan were de-
tected by spraying the spotted developed dried 
plates with S per cent methanolic iodine solution. 
The movement of pesticides was expressed in terms 
of frontal Rp Rp R^  and R,^  values as : 
Distance moved by the spot 
Frontal R, = 
Distance moved by the developer 
Pesticides Formula &. Chemical name Molecular Solubility Solubility Solubility 
weight in water in acetone in methanol 
Carbofuran C„H„NO, 221.3 
[2,3-dihydro -2,2-dimethyl 
-7-bcnzofuranyl methyl carbamate] 
Chlorpyrifos C^,C„NO,PS 350.6 
(O.O^ethyl -O-
3,5,6-trichloro-
2^yridyl phosphorothioate] 
Endosulphan C^C1,0,S 406.9 
I (1.4.5.6.7.7-
hexachloro-8 
9,10-trinobom-
5 en 2,3-xylene bis 
methylene) sulphate] 
700 nig L' 150gL' 118.7gL' 
2.0mgL' 6.5 kgL' 450gL' 
0.32 mgL' 0.33gL-* 0.11 gL' 
Clean glass plates (20 x 20 cm) were coated 
with water slurry of soil samples (O.S mm thid(-
ness) with the help of the TLC spreader. The plates 
were dried at ixwm temperature and then activated 
at lOO-lOS** C in an oven for half an hour. After 
activating the plates, two lines at 3 and 13 cm above 
the base were scribed to maintain the standard de-
velopment distance 10 cm. A 10 mL of methanolic 
solutions of carbofuran, chloropyrifos and 
endosulphan of concentration 1000 mg/ mL were 
applied as spots on the soil TLC with the help of 
the lambda pipette 3 cm above the bottom of the 
plates. A 2 cm wide strip of paper towel moistened 
Rj = [1/10] l(Rr+ RLy21 Where R^  and R^  
denote tailing and lateral (Singh et al. 1977) fronts, 
reflectively. 
Distance moved by the bottom of the spot 
R B = 
Distance moved by the developer 
and for the high degree of reproductibiiity, the re-
sults were discussed on the basis of the R^ values 
(Bate - Sntith & Westall 1950) because R„ values 
are considered as standard and are obtained by the 
relation 
R„ = log[(l/R)-l] 
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To study the water flux or rate of water 
movement as a factor, two different approaches 
such as mechanical (physical) and solvent modifi-
cation have been used. Physical modification was 
done by changing the plate angles i.e. AS'. 60°, 90° 
in the glass tank while that of solvent modification 
was done by eluting the soil TLC plates in differ-
ent volume fractions of oosolvents. 
To study the effect of organic matter on the 
movement of pesticides, organic matter destroyed 
soil TLC plates were prepared and used as static 
phase. The organic matter was destroyed from the 
soils by treating them with 30 per cent H^ O^  as 
proposed by Black (1965). Since it was difficult to 
get rid of ofganic matter completely, attempts ^ vere 
made to remove it to the maximum possible (85%) 
extent from the soils by treating them with 30% 
HjO^ for the studies dealing with its dfect on pes* 
tici<te movement 
To study the effect of pH, soil TLC plates 
spotted with pesticides were developed in distilled 
water of original pH 7 and pH adjusted to 4 and 10 
with 0.1 A/HCl and 0.1 A/ NaOH, respectively. 
The effects of different volume fractions (f, ~ 
0.25, 0.50. 0.75 and 1.00) of cosolvents (acetone 
and methanol) on the movement of pesticides were 
studied by eluting the natural soil TLC plates load-
ed with pesticides in solutions of different volume 
fractions of cosolvents. All these effects were stud-
ied by keeping the soil TLC plates at 45°C plate 
angle. 
Results and Discussion 
When natural soil TLC plates spotted with 
pesticides were eluted in distilled water at 45^ 60° 
and 90° plate angles in the TLC glass tank, the rate 
of water movement or flav was increased by re-
ducing the plate angles (Fig. 1). Movement of wa-
ter and various cosolvent solutions of different vol-
ume fractions (f, = 0.25, 0.50, 0.75 and 1.00) 
obeyed a basic principle i.e. llie distance travelled 
by the solvent front is a linear function of the 
square root of time and expressed as : 
x^Kt'^ + C (1) 
where x is the solvent front (cm) at lime t 
(minutes). The values of K were obtained bv 
1 0 0 -
20 
8 C 
. 9 ^ 1 * * r 
_L 
.• • • 
A :A l igorhSoiUS ' 
B Aligarh Soil 60* 
C :Al igarhSoi l90* 
0 :F.R I. S o i U S * 
E F.R I Soil 60 * 
F F.R.I. SoitSCT 
6 tOotwQlQ So iUS* 
H : DoiwQlo Soil 60* 
1 : Ooiwola Soil 9(f 
— I 1 I 
8 0 120 160 
Time (minutes ) 
2 0 0 
Fig.l. A plot of time versus square of the distance 
travelled by the distilled water in soil TLC 
plates. The slope of these curves gives the 
values of penetrability (K) 
plotting a graph between time (t) versus square of 
the distance travelled by the devek)per (x) Fig. 2 &. 
3. The slope K (cm/ min"^ ) is equivalent to term 
"penetrability" reflecting infiltration of fluids in 
to porus media. Values obtained are summarised 
in table 3. The value of K depends upon the both 
soil and solvent characteristics. Equation (1) is also 
equivalent to the expression cited by Brenner et al. 
(1965) for solvent movement in thin-layer 
chromatography i.e. 
Z,' = a + bt (2) 
where Z, = x and b'" = K. Experimentally, 
the contribution of constant C in equation 1 and 
'a' in equation 2 was usually insignificant. On ex-
amination of table 3, the order of water penetrabili-
ty (K), follows the order as: sandy loam > loam > 
silt loam soil and shows that the development time, 
is faster in sandy loam soil followed by loam and 
silt loam soils. This probably be may due to the 
differences in the textural and other properties of 
the soils (Table 1). 
The effects of organic matter, pH and 
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Fig. 3. Effect of ditTerent volume fractions of cosol vents (metlianol) on penetrability in soils 
cosoi\-ents (acetone and methanol) at various f-
values, on the movement of pesticides in soils wen 
expressed in terms of frontal Rp Rp \ and R„ 
values (average of 3 repititions) and are sununarised 
in tables 4 to 7. On the basis of R, vahies the 
movement of pesticides follows the order as: 
Carbofuran > Chlorpyrifos > Endosulphan in soils. 
The above order of pesticides movement is directly 
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Table 3. Water and cosolvail Hux or pcnctrabilily (K) at difTercnl f, values of cosolveni in soils 
Soils 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Distilled water 
1.40 
0.66 
0.70 
1.40 
0.66 
0.70 
0.25 
Volume fractions of cosolvenls (f.) 
0.50 
Acetone - water mixtures 
1.25 
0.57 
0.66 
1.08 
0.47 
0.53 
Methanol - water mixtures 
1.15 
0.42 
0.46 
Table 4. Movement of pesticides in natural and organic 
Movement 
Pesticides 
Carbofuran 
Chloropyrifos 
Endosulphan 
Carbofuran 
Chlorpyrifos 
Endosulphan 
1.02 
0.40 
0.42 
matter removed soils 
expressed in terms of frontal R^ Rp R, and R^ values. 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Frontal R, R, 
Natural Soils 
0.85 
0.60 
0.66 
0.65 
0.50 
0.56 
0.56 
0.40 
0.44 
Organic mailer 
0.92 
0.76 
0.80 
0.83 
0.56 
0.66 
0.72 
0.45 
0.54 
0.425 
0.30 
0.33 
0.325 
0.25 
0.28 
0.28 
0.20 
0.22 
removed soils 
0.46 
0.38 
0.40 
0.415 
0.28 
0.33 
0.36 
0.225 
0.27 
0.75 
0.95 
0.40 
0.45 
0.90 
0.31 
0.35 
1.00 
0.88 
0.28 
0.30 
0.83 
0.25 
0.28 
using distilled water as eluent. 
RB 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
K 
0.1312 
0.3679 
0.3075 
0.3174 
0.4771 
0.4101 
0.4101 
0.6020 
0.5496 
0.0696 
0.2126 
0.1760 
0.1491 
0.4101 
0.3075 
0.2498 
0.5371 
0.4319 
A = Sandy loam soil; B = Silt loam soil; C = Loam soil 
proportional to the aqueous solubilities, polarities 
and carbon numbers and inversely related to the 
molecular weights of the pesticides (Table 2). 
Similar results were reported by Gustafson and 
Paleos (1971) who studied the effect oi solubility, 
polarity, molecular weight, structure and number 
of functional groups of the certain solutes on the 
movement. When relative mobilities of pesticides 
compared according to pesticide mobility 
classiFication (Helling & Turner 1968) of TLC 
plates, the carbofuran and chloropyrifos were 
mobile in sandy loam soil while these were of 
intermediate mobility in loam and silt loam soils. 
As far as endosulphan is concerned, it was 
intermediate mobile in all the three soils. 
When organic matter removed soils were 
used as adsort>ents (to the extent of 85%) the 
frontal R, and R, values of pesticides were reduced 
while that of R^ values increased in all the soils 
(Table 4). This might be due to the fact that 
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T«ble S Effect of p! 1 on Uw movenieM of pesticides in soils using different pH leachaics 
Pesticides 
Carbofuran 
Chloropyrifos 
Endosulphan 
Carbofuran 
Chlorpyrifos 
Endosulphan 
Carbofuran 
Chloropyrifos 
Endosulphan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Frontal R, 
AlpH4 
0.64 
0.52 
0.60 
0.34 
0.30 
0.32 
0.28 
0.23 
0.25 
AipH7 
0.85 
0.60 
0.66 
0.65 
0.50 
0.56 
0.56 
0.40 
0.44 
AtpH 10 
1.00 
0.85 
0.90 
1.00 
0.82 
0.86 
0.80 
0.54 
0.60 
R, 
0.32 
0.26 
0.30 
0.17 
0.15 
0.16 
0.14 
0.115 
0.125 
0.425 
0.30 
0.33 
0.325 
0.25 
0.28 
0.28 
0.20 
0.22 
0.50 
0.425 
0.45 
0.50 
0.41 
0.43 
0.40 
0.27 
0.30 
R. 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
K 
0.3273 
0.4542 
0.3679 
0.6886 
0.7533 
0.7201 
0.7883 
0.8862 
0.8450 
0.1312 
0.3679 
0.3075 
0.3174 
0.4771 
0.4101 
0.4101 
0.6020 
0.5496 
0.0000 
0.I3I2 
0.0871 
0.0000 
0.1S80 
0.1224 
0.1760 
0.4319 
0.3679 
A B Sandy loam soil; B - Silt loam soil; C = Loam soil 
destruction of organic mattftr from the soils 
decreased the adsorptive capacity of the soils. 
Similar results were reported by Helling & Turner 
(1968) and Singh et al. (1994). 
The results on the changes in pH of the 
developers on the movement of pesticides through 
soils are given in table S. The general trend has 
been a decrease in frontal R, and R^  values and 
increase in R,^  values with a decrease in pH for all 
the soils. On the basis of R, values the movement 
follows the order as pH 10> | t i 7 > pH 4. A marked 
decrease in movement was observed at pH 4. The 
change in behaviour at different pH values of 
leachates was due to the differences in the 
adsorptive nature of pesticides at different pH 
values under study. Higher adsorption thus results 
in the lower mobility of pesticides in acidic 
leachates due to protonation than neutral and 
alkaline leachates (Sharma et al. 1986; Singh et al. 
1994; Singh & Singh 1998). According to the 
mobility classification (Helling & Turner 1968) at 
pH 4, caibofiiran was intermediate mobile and 
chloroi^rifos and endosulphan were low mobile in 
all the three soils. At pH 7 the chloropyrifos and 
endosulphan were intermediate mobile in all the 
three soils while that of carbofiiran was mobile in 
sandy loam and loam soils and intermediate mobile 
in silt loam soil. At pH 10 carbofuran was very 
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Table 6. Effect of cosolvent (acetone) on the movement of pesticides in soils. Movement expressed in terms of 
frwital R^  Rp R. and R„ values 
Pesticides 
Carbofuran 
Chloropyrifos 
Endosulphan 
Carbofuran 
ChloTpyrifos 
Endosulphan 
Carbofuran 
ChIor<q>yrifos 
Endosulphan 
Carbofunn 
Chloropyrifos 
Endosulphan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Frontal R, 
Al0.25f^ 
0% 
0.80 
0.84 
0.90 
0.75 
0.78 
0.86 
0.64 
0.70 
At 0.50 f 
0.90 
0.90 
0.80 
0.97 
0.80 
0.84 
0.90 
0.78 
0.80 
At 0.75 f 
1.00 
0.90 
0.8S 
1.00 
0.95 
0.90 
1.00 
0.86 
0.90 
At I.OOf 
I.OO 
1.00 
0.90 
1.00 
1.00 
1.00 
0.95 
0.90 
0.90 
R, 
0.48 
0.40 
0.42 
0.45 
0.375 
0.39 
0.43 
0.32 
0.35 
0.75 
0.65 
0.70 
0.85 
0.65 
0.73 
0.45 
0.39 
0.40 
0.80 
0.675 
0.73 
0.88 
0.75 
0.80 
0.50 
0.43 
0.45 
0.88 
0.75 
0.80 
0.925 
0.875 
0.90 
0.80 
0.70 
0.75 
RB 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.60 
0.40 
0.60 
0.73 
0.50 
0.62 
0.00 
0.00 
0.00 
0.60 
0.45 
0.61 
U.76 
0.55 
0.70 
0.00 
0.00 
0.00 
0.76 
0.50 
0.70 
0.85 
0.75 
0.80 
0.65 
0.50 
0.60 
K 
0.0347 
0.1760 
0.1401 
0.0871 
0.2218 
0.1942 
0.1224 
0.3273 
0.2688 
•0.4771 
-0.2688 
-0.3679 
-0.7533 
-0.2688 
•0.4319 
0.0871 
0.1942 
0.1760 
-O.6020 
-0.3174 
-0.4319 
•0.8653 
-0.4771 
-0.6020 
0.0000 
0.1224 
0.0871 
-0.8653 
-0.4771 
-0.6020 
-1.0910 
-0.8450 
•0.9542 
-0.6020 
•0.3679 
-0.4771 
A » San(fy loam soil; B = Silt loam soil; C = Loam soil 
mobile in sandy loam soil and mobile in loam and 
silt loam soils and isndosulphan was mobile in 
sandy loam soil and intermediate mobile in loam 
and sih loam soils. 
To ttoAy \bft ^ e c t of cosolvents on the 
movement of carbofuran, chloropyrifos and 
endosulphan in soils, acetone and methanol were 
used as cosolvents. Both the cosolvents are 
completely miscible in water and expected to be 
found in waste streams from industrial waste and 
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Table 7. Effect of cosolvent (methanol) on the movement of pesticides in soils. Movement expressed in terms of 
frontfll R^  Rp R, and R^ values 
Pesticides 
Carbofuran 
Chloropyrifos 
Endosulphan 
Carbofuran 
Chlorpyrifos 
Endosulphan 
Carbofuran 
Chloropyrifos 
Endosulphan 
Carbofuran 
Chloropyrifos 
Endosulphan 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Frontal R, 
At 0.25/, 
0.92 
0.78 
0.80 
0.86 
0.60 
0.66 
0.80 
0.56 
0.60 
At 0.50 f^ 
1.00 
0.90 
0.94 
0.90 
0.64 
0.76 
0.88 
0.60 
0.64 
At 0.75 f. 
1.00 
0.90 
0.86 
1.00 
0.95 
0.95 
0.96 
0.66 
0.72 
At 1.00 f. 
1.00 
0.90 
0.80 
1.00 
0.95 
0.94 
1.00 
0.80 
0.86 
Rr 
0.46 
0.39 
0.40 
0.43 
0.30 
0.33 
0.40 
0.28 
0.30 
0.50 
0.45 
0.47 
0.80 
0.47 
0.57 
0.44 
0.30 
0.32 
0.70 
0.62 
0.63 
0.85 
0.675 
0.685 
0.48 
0.33 
0.36 
0.78 
0.66 
0.70 
0.87 
0.70 
0.78 
0.S0 
0.40 
0.43 
RB 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.70 
0.30 
0.38 
0.00 
0.00 
0.00 
0.40 
0.34 
0.40 
0.70 
0.40 
0.42 
0.00 
0.00 
0.00 
0.56 
0.42 
0.60 
0.74 
0.45 
0.62 
0.00 
0.00 
0.00 
K 
0.0696 
0.1942 
0.1760 
0.1224 
0.3679 
0.3075 
0.1760 
0.4101 
0.3679 
0.0000 
0.0871 
0.0521 
-0.6020 
0.0521 
•0.1224 
0.1047 
0.3679 
0.3273 
-0.3679 
-0.2126 
-0.2311 
-0.7533 
•0.3174 
-0.3373 
0.0347 
0.3075 
0.2498 
-0.5496 
•0.2880 
•0.3(19 
•0.8255 
-0.3679 
'O.S49^ 
0.0000 
0.1760 
0.1224 
A ^ Sandy loaro soil; B = Silt loam soil; C » Loam soil 
represent extreme classes of polari^. Acetone is a 
proton acceptor while niethanol is a proton donor. 
The role of cosolvents on the movement of 
pesticides was studied by eluting the pesticides 
spotted soil TLC plafes with different volume 
. fractions (f.« 0.25,0.50.0.75 and 1.00) of acetone 
and methanol. The values of fioolail Kp Kp R- and 
R^ are tabulated in tables 6 to 7. Increasing the 
concentration of acetone and metbanol in the 
mobile phase, resulted in the h i ^ r values of 
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frontal R, Rp R, and decrease in R^ , values showed 
increase in movement <rf pesticides. As the volume 
fraction of acetone and methanol increases in the 
mobile phase, continually become better solvents 
of pesticides and hence a strong solute-solvent 
interaction occurs resulting in decreasing adsorption 
of pesticides. The soil TLC experiments here 
illustrated the role of solute-solvent interaction, 
indicating the degree of adsorption of pesticides. 
The results are in accordance with the work of 
Hassett et at. (1980) who used soil TLC and 
studied the influence of increasing ethanol content 
on the movement of a naphthol in aqueous 
systems. They reported that as the percentage of 
ethanol increased the movement of pesticides also 
increased which indicated the decrease in 
adsorption of the organic compounds. Similar 
results were rqMrted by Singh and Raj Kumar 
(1998) while studying the role of various volume 
fractions of organic cosolvents (acetone and 
methanol) on the movement of synthetic 
pyrethroids in soils. The theoretical approach 
proposed by Rao et al. (198S) and Singh (1996) 
also shows that an increase in organic solvent 
fraction resulted in exponential decrease in 
adsorption coefficients due to increased 
hydrophobic organic conqwunds sdubili^. Based 
on the mobility classification scale (Helling & 
Turner 1968) carbofuran and ddoiopyrifos were 
generally v o y mobile at all f, values of cosolvents 
in sandy loam soil while endosulphah was very 
mobile bqrond 0.50 f, values. In loam and silt loam 
S(NIS, carbofuran and chlorpyrifos were veiy mobile 
beyond 0.25 f, values. In loam soil endosulphan 
was mobile bq^ond 0.50 f, of methanol and very 
mobile b^ond 0.50 f, of acetone. 
The higher movement of pesticides (Tables 6 
and 7) in acetbne-water mixtures than methanol-
waier mixtures it all f, values may probably be due 
to the fact that pesticides studied have higher solu-
bility in acetone than methanol resulting in lower 
adsorption in acetone-water mixtures in compari-
son to methanol-water mixtures. Hiis may also be 
due to the &ct that acetone is less polar and its 
penetrability (K) is higher than methonol (Table 3). 
Acknowledgement 
The financial assistance of Indian Council of 
Agricultural Research, New Delhi, India is grate-
fully acknowledged. 
References 
Bailey. G.W. & While. J.W. (1970) Residue Rev. 32. 
29 
Bate-Sinith, B.C. & Westell, R.G. (1950) Biochimet. 
Biophys. Ada. 4,427. 
Black. C.A. (ed.) (1965) Methods of Soil Analysis, 
ASA. Monograph 9. Madiscm. Wisconsin. USA. 
Brenner. M.. Nicdcrwicser, A.. Pataki, G. & Weber. R. 
(1965) Theoretical Aspects of Thin-Layer 
Chromatography (1%S) p 106. In Stahl. E. (ed). 
Thin-Layer Chromatography. A Laboratory 
Handb. Academic Press, h e . New York. 
Cheng, H.H. (1989) PfcyiocAem. Ecol. 9. 209. 
Crisanto, T., Sanchez-Martin, M.J. & Sanchez-
Camzano, M. (1994) Toxicol. Environ. Chem. 45, 
97. 
Felsot. A. & Wilson, J. (1980) Bu//. Environ. Contam. 
Toxicol. 24, 778. 
Gustafson, R.L. & Paleos. J. (1971) In Faust, S.D & 
Hunter, J.V. (ed) Organic Chemicals in the Soil 
Environment. Marce' Dekkcr Inc. New York, p 
213. 
Hassett. J.J., Means. J.C. Banwart, W.L. & Wood. S.G. 
(1980) Sorption Properties of Sediments and 
Energy Related Pollutants. EPA 600/3-041 NTIS. 
Springfield. VA. 
HeUing. C.S. (1970) Residue Rev. 32. 175. 
Helling, C.S. & Turner, B.C. (1968) Science. 162, S62. 
Rao. P.S.C.. Homsby. AG.. Kilcrease. D.P. & Nikedi-
Uzza, P. (1985) J. environ. Qual. 14. 376. 
Sanchez-Camazano. M., Arienzo. N.. Sanchez-Martin, 
M.J. & Crisanto. T. (1995) Chemosphere, 31. 
3793. 
Shanti. G., Rao. PC. & Raman, Saroja (1997) J. Indian 
Soc. Soil Sci. 45,73. 
Sharma, S.R.. Singh, R.P. & Ahmed. S.R. (1986) 
Ecotoxicol. Environ. Saf 11, 229. 
Singh, R.P. (]996)Adsorp. Sci. Technol. 13, 305. 
Singh.;R.P. Khan, A.M. & Saxena, S.K. (1977) Indian. 
J.Nematol. 7, 140. 
Singh. R.P.. Kumari. K. & Singh. D. (1994) Ecotoxicol. 
Environ. Saf. 28. 5. 
Singh. R.P. & Raj Kumar (1998) P«nc. Res. J. 10. 64. 
Singh. R.P. & Singh. D. (1997) Adsorp. Sci. & 
Technol. 15, 135. 
Singh. R.P & Singh. D. (1998) J. Indian Soc. Soil Sci 
46.217. 
Pesucide Reseanh Journal Vol. 12(11: fiO-VO. June. 2000 
Evaluation of effect of Surfactants on the Movement of 
Synthetic Pyrethroids in Soils using a Soil Thin-layer 
Chromatography Technique 
R.P. Singh and Raj Kumar 
Laboratories of Soil Sciences, Department of Botany, 
Faculty of Life Sciences, Aligarh Muslim University, 
Aligarh-202 002, Uttar Pradesh, India. 
The effect of different critical micelle concentrations (Vi CMC, at CMC and 2 x CMC) of 
surfactants, cetyl trimethyl ammonium bromide (cationic), sodium dodecyl sulphate (anionic) 
and Tween'20' (nonionic)on the movement of synthetic pyrethroids (cypcrmcthrin, deltamtthrin 
and fenvalerate) in soils by using a soil thin - layer chromatographic technique is reported. The 
penetrability K increased by decreasing the plate angle and followed the order : sandy 
>oani>loam>silt loam soil. The penetrability K also decreased in surfactant free and surfactant 
ammended soils, when developed in aqueous surfactant solutions of soil followed by loam and silt 
loam soils. On the basis of R^  values, the movement of pyrethroids followed the order: fenvalerate 
> cypermethrin > deltamethrin, both in surfactant ammended and surfactant free soils, when 
developed in distilled water and aqueous surfactant solutions of different CMCs. The movement 
was directly proportional to the aqueous solubilities, and inverxly to the polarities of pyrethroids. 
Adsorption of pyrethroids on soils, chemical nature of the surfactants and their concentrations in 
terms of critical micelle concentrations (CMCs) in soils and eluents influenced the movement. 
KEY WORDS: Pyrethroids, soil, movement, surfactants, critical micelle concentration 
The surfactants used in formulations play 
a very significant role for environmental 
interest because after use, a major portion is 
disposed into waste water and eventually reach 
the natural waters. Surfactants enhanced the 
apparant solubilities of hydrophobic organic 
compounds (HOCs), especially v»hen present 
at above critical micelle concentration (CMC) 
at which surfactant monomers aggregate to 
micelles'"'. They are also used for chemical 
and biological remediation of contaminated 
soils and sediments^ ' . Several workers*"" 
have reported that surfactants and pesticide 
c o m p o u n d s can interact under cer ta in 
condit ions and therefore, influence their 
a d s o r p t i o n and movement in s o i l s . 
notwithstanding the fact that both types of 
compounds can frequently coexist in soils, 
and that new technologies are required to avoid 
or remedy the polluting effects of pesticides. 
The work pertaining to effect of surfactants 
on the movement of pesticides in soils'^"'* is 
very scanty. The movement of cer tain 
pyrethroids and their degradation products in 
soils have been reported'\ Recently, the effect 
of organic matter and cosolvents on the 
movement of synthetic pyrethroids m soils 
have been reported" but no literature is 
available on the effect of surfactants on the 
movement of pyrethroids in soils. Hence in the 
present studies an attempt has been made to 
study the effect of cationic, nonionic and 
Evaluation of the effect of surfactants on the movement of synthetic pyrethroids 
anionic surfactants and their CMCs on the 
movement of cypermethrin, deltamethrin and 
fenvalerate in soils by using soil thin-layer 
chromatography (TLC) technique. This type 
of study will help to understand, how 
movement of a soil applied pyrethroid can be 
altered by the presence of surfactants, when 
both coexist in soil as a result of human activity 
and further, how the presence of surfactants 
can help in solving pollution problem posed by 
these pyrethroids. 
MATERIALS AND METHODS 
Soils for thin layer plates : Surface samples 
(0-30) of silt loam, loam and sandy loam soils 
were collected from Dehradoon, Jhansi and 
Aligarh districts of Uttar Pradesh, India. These 
soils were air dried, crushed and passed 
through 100 mesh sieve to obtain samples with 
small and nearly homogeneous particle size. 
The physico-chemical properties of the soils 
were detemined by the standard techniques 
and are presented in Table 1. 
Pyrethroids : The pyrethroids viz., 
cypermethrin [RS-a-cyano-3-phenoxybenzyI 
(lRS)-cis,trans-3-(2,2-dichlorovinyl)2,2 
(dimethyl cyclopropane carboxylate)], (25 % 
EC), deltamethrin, [RS-a-cyano-3-phenoxy-
benzyl (IR, 3R)-3-(2,2-dibromovinyl)-2.2-
dimethyl cyclopropane carboxylate] (2.8 % 
EC), and fenvalerate [RS (a-cyano-3-
phenoxy- benzyl) (RS)-2-(4-dichlorophenyl-
3-methyl butyrate) (20 % EC) used m this 
study were supplied by M/s Bharat Pulverising 
Mills Ltd., Mumbai, M/s Hoeschst, India, Ltd. 
Mumbai and M/s United Phosphorus Ltd, 
Mumbai, India, respectively. Stock solutions 
of these pyrethroids (1000 \ig ml') were 
prepared in acetone. 
Surfactants : The surfactants viz., cetyl 
trimethyl ammonium bromide (CTAB, 
cationic, CMC = 0.34 g I"'), sodium dodecy! 
sulphate (SDS, anionic, CMC = 2.38 g I') and 
Tween '20' (nonionic, CMC = 0.14 gl ' ) were 
used at CMC, half CMC and 2 fold CMC 
concentrations. 
Preparation of plates and application of 
pyrethroids : Soil TLC plates (0.5 mm) were 
prepared by spreading soil-water slurry having 
2:1 soil-water ratio on 20 x 20 cm clean glass 
plates with the help of TLC spreader. The 
plates were dried at room temperature and then 
activited at 100-105°C in an oven for half an 
hour. Two lines at 3 and 13 cm above the base 
were scribed to maintain the standard 
development distance of 10 cm. Ten pi of 
1000 ng ml'' solutions of cypermethrin. 
Table I. Physico-chemical parameters of the soil 
Properties Aligarh soil Dehradoon soil Jhansi soil 
Texture 
Sand (%) 
Silt(%) 
Clay (%) 
Organic matter {%) 
Organic cartwn (%) 
CECCmeqkg-') 
Surface area (m'g') 
pH 
CaCOj (%) 
Sandy loam 
70.20 
22.80 
7.00 
0.57 
0.33 
90.00 
77.41 
8.80 
0.25 
Silt loam 
24.60 
56.90 
18.50 
2.16 
1.25 
195.00 
200.64 
5.90 
6.00 
Loam 
45.85 
38.15 
16.00 
0.60 
0.35 
85.00 
100.40 
7.90 
4.35 
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deltamelhrin and fcnvalcraie were applied on 
the soil TLC plates, 3 cm above the bottom of 
the pUtes. with ihe help of a lambda pipelte. A 
2 cm wide strip of paper towel moistened with 
distilled water, was wrapped around the 
bottom of the plates. 
In order lo evaluate the effect of water 
penetrability, three different approaches such 
as physical, solvent and soil modifications 
were employed. For physical modification, 
natural soil spotted plates, were eluted with 
distilled water positioning the plates at 45, 60 
and 90° angles in a glass tank, solvent 
modification was done by eluting the natural 
soil spotted plates in ihe aqueous solutions of 
surfactants at concentrations of 0.17, 0.34, 
0.68 g I ' for CTAB 0.07, 0.14, 0.28 g 1' for 
Tween 70' and 1.19, 2.38, 4.76 g I ' for SDS 
and for soil modification, surfactants, were 
directly added to the soil water mixture at the 
same rates as above (g kg"' soil). In both 
systems, soil plates were placed in the glass 
tank at 45° plate angle to study the effect of 
surfactants on the movement of pyrethroids in 
soils and penetrability. 
Development and detection of spots : The 
developed plates were air dried at room 
temperature and pyrethroids were detected by 
spraying 10 % methanolic solution of iodine. 
The dark brown coloured spots of pyrethroids 
were detected and the movements were 
expressed in terns of R^  values as : 
Rf = 
RT + RL 
where R.j. and R^ denote tailing and lateral 
fronts, respectively. The tailing and lateral 
fronts can be expressed by the equations as : 
Distance moved by upper part 
of the spot 
RT = 
Distance moved by developer 
and 
RL = 
Distance moved by the bottom 
of the spot 
Distance moved by the developer 
RESULTS AND DISCUSSION 
Penetration : When natural soil TLC plates 
spotted with pyrethroids were developed in 
distilled water by placing the plates at 45, 60 
and 90° angles in the glass tank, the water flux 
or penetrability (mobile phase velocity 
constant) K was calculated from the slopes of 
the straight lines obtained by plotting a graph 
between square of the distance travelled by 
the distilled water (x) over the time (t) (Figure 
1, Table 2). The K values were calculated by 
using the equation 
X = K t*^  + C (1) 
where x is position of the solvent front 
(cm) at time (t) minutes. The slope constant 
K (cm min'**) is equivalent to term 
"penetrability" as suggested by Jackson'^. 
A-MigorK M l uft 
• - A l t w k Wtl WfC 
C-Mswfc I M K f t 
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r-aien»i ten MfC 
C-OeiweKSM U^C 
H-o*h>«i«tei tec 
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•0 no wo 100 
Tin* (MiaulM) 
ItO NO 
Fig I : Effect of plate angle on penetrability (K) of soil 
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Data given in Table 2 indicate that penetrability 
K increased by decreasing the plate angle 
probably due to change in capillary rise. 
Similar results were reported by Helling'*, 
while studying the effect of different 
parameters on pesticide mobility in soils using 
soil thin-layer chromatography. 
The values of penetrability K de{>end upon 
the characterstics of both the soil and solvent. 
Equation 1 is also equivalent to the 
expression"•^° for solvent movement in thin-
layer chromatography i.e. 
Zf2 = a + bt (2) 
where Zj = x and b''^  = K. Experimentally, 
the contribution of constant C in equation I 
and 'a' in equation 2 was usually insignificant. 
When surfactant ammended soils and 
natural soils TLC plates were eluted with 
distilled water and aqueous surfactant solutions 
of different CMCs. the values of K followed 
Table 2. Effect of plate angle on penetrability (K) when natural soils 
TLC plates were eluted in distilled water 
Soils 
Aligarh sandy loam 
Dehradoon silt loam 
Jhansi loam 
L.S.D. at 5% l.s. 
45° 
1.40 
0.66 
0.73 
0.03 
Penetrability at plate angle (K cm min'^) 
60° 90° 
1.17 0.94 
0.57 0.50 
0.66 0.60 
0.075 0.069 
L.S.D. at 5% l.s. 
0.229 
0.098 
0.013 
the order as sandy loam>loam>silt loam soils 
(Table 3). This may be due to the differences 
in texture and other properties of the soils. 
Water penetrability K in soils was reduced in 
the presence of surfactant solutions, and 
surfactant ammended soils, when compared 
with natural soil TLC plates developed in 
distilled water. Similar results were reported 
by Helling'*. The reduction was generally more 
pronounced in pre-treated soils according to 
the results obtained by Kijne '^ and Rosen^^ 
and was more pronounced for nonionic and 
cationic surfactants, whereas K decrease was 
more evident in anionic and cationic surfactant 
ammended soils. 
Movement of pyrelhroids : The results of 
the movement of pyrethroids in natural soils 
(eluted with distilled water and aqueous 
surfactant solutions at different CMCs) and in 
surfactants ammended soils (eluted with 
distilled water) were expressed in terms of R^  
values (average values of three replicates) and 
are summarised in Tables 4-9. The movement 
of all the pyrethroids was greater in sandy 
loam soil than the loam or silt loam soils. This 
is due to the differences in the physico-
chemical characterstics of the soils. On the 
basis of Rf values (Tables 4-9), the movement 
of pyrethroids follwed the order : fenvalerate 
> cypcrmethrin > deltamethrin. The higher 
movement of fenvalerate followed by 
cypermethrin and deltamethrin was positively 
correlated with the aqueous solubility and 
inversely with the polarities of the pyrelhroids. 
The results are in accordance with the work 
reported" earlier on the effect of solubility, 
polarity, molecular weights, structure and 
number of functional groups of certain solutes 
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on movement The higher movement of 
cypermethnn as compared to deltamcthnn is 
probably due to its lesser polarity and 
molecular size then deltamcthnn Cypermethnn 
and deitamelhrin have the same structure 
except that ihc former has chlorine and the 
later bromine. The chlonne derivative is less 
polar than bromine analogue due to the 
controlling resonance effect which is possible 
in both cases where inductive and resonance 
Table 3. EfTecl of ammendments of soils and mobile phases (water) with surfactants at varying 
CMC's on the penetrability of the soils 
Penetrability (K cm min ''*) at different CMCs ot surtaciants 
Soils 
Aligarh sandy loam 
Dehradoon sill loam 
Jhansi loam 
L S D at 5?c 1 s 
Ahgarh sandy loam 
Dehradoon silt loam 
Jhansi loam 
L S D at 5% 1 s 
Aligarh sandy loam 
Dehradoon silt loam 
Jhansi loam 
L S D at S% 1 s 
Ahgarh sandy loam 
Dehradoon silt loam 
Jhansi loam 
L S D at 5% 1 s 
Ahgarh sandy loam 
Dehradoon silt loam 
Jhansi loam 
L S D at S% 1 s 
Ahgarh sandy loam 
Dehradoon sill loam 
Jhansi loam 
L S D at 5% 1 s 
Natural soils 
1 40 
0 66 
073 
0031 
140 
066 
073 
0031 
140 
0.66 
0.73 
0.031 
140 
066 
073 
0031 
140 
066 
073 
0031 
140 
066 
073 
0031 
'/^CMC CMC 2 X CMC L S D at 5% 1 s 
Canonic surfactant (C T A B ) used as adsorbent 
0 80 0 60 0 55 
0 48 0 45 040 
050 046 041 
0013 0049 0013 
Nonionic surfactant (Tween 70') used as adsorbent 
0 83 0 66 062 
0 66 0 53 045 
0 70 0 56 0 50 
0011 0026 0018 
Anionic surfactant (S.D S ) used as adsorbent 
0 33 0 28 0 21 
0.26 0 23 0 20 
0 30 0 26 0.21 
0023 0057 0013 
CationiK surfactant (C.T.A B ) used as developer 
0.83 0 66 060 
0 56 049 045 
0 64 0 55 0.50 
0.034 0039 0.014 
Noniomc surfactant (Tween "20') used as developer 
108 078 064 
0.58 0 52 045 
0 66 0 55 0.50 
0078 0039 0035 
Anionic surfactant (SOS) used as developer 
1.13 096 078 
062 052 047 
0 68 0 58 0 50 
0013 0013 0059 
0 189 
0 051 
0034 
0 223 
0026 
0016 
0210 
0.029 
0024 
0 220 
0.041 
0019 
0025 
0224 
0.034 
0220 
0059 
0019 
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Table 4. Movement of synthetic pyrethroids in C.T.A.B. free and C.T.A.B. ammendcd soils of difTerenl 
CMCs when eluted in distilled water (movenMnt expressed in terms of R, values) 
Pyrcthroids 
Cypcrmethrin 
L.S.D. at 5% l.s. 
S.E.(+) 
Deltamethrin 
L.S.D. at 5% l.s. 
S.E.(+) 
Fen valerate 
L.S.D. at S% l.s. 
S.E.(+) 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural soils 
Rf 
0.13 
.^10 
0.08 
0.026 
0.012 
0.10 
0.08 
0.06 
0.021 
0.009 
0.15 
0.13 
0.09 
0.045 
0.014 
CTAB ammended soils at different CMCs 
WCMC 
Rf 
0.11* 
0.08 
0.06* 
0.023 
0.011 
0.09* 
0.06 
0.05 
0.032 
0.010 
0.13 
0.11 
0.08 
0.012 
0.012 
CMC 
Rf 
0.08* 
0.06* 
0.05* 
0.017 
0.007 
0.07* 
0.03* 
0.00* 
0.016 
0.017 
0.10* 
0.07* 
0.07* 
0.026 
0.008 
2xCMC 
Rf 
0.05* 
0.04* 
0.00* 
0.025 
0.012 
0.03* 
0.00* 
0.00* 
0.023 
0.008 
0.08* 
0.04* 
0.03* 
0.028 
0.012 
LSD. at 5% 
0.012 
0.025 
0.009 
0.004 
0.026 
0.010 
0.021 
0.025 
0.019 
SE (+) 
0.015 
O.OII 
0.014 
0.013 
0.015 
0.014 
0.013 
0.017 
0.011 
A = Aligarh sandy loam; B = Dehradoon silt loam; C = Jhansi loam. * Significant decrease at 5% l.s. 
Table 5. Movement of synthetic pyrethroids in soils when distilled water and scjucods C.T«A*B* sohitioiis 
of different CMCs were used as developers (movenient expressed in terms of R, values) 
Pyrethroids 
Cypeimethtin 
L.S.D. at 5% l.s. 
S.E.(+) 
Ddtamethrin 
L.S.D. at 5% l.s. 
'S.E.{+) 
Fen valerate 
L.S.D. at 5% l.s. 
S.E.(+) 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural soils 
Rf 
0.13 
0.10 
0.08 
0.026 
0.012 
0.10 
0.08 
0.06 
0.021 
0.009 
0.15 
0.13 
0.09 
0.045 
0.014 
Aqueous CTAB solutions of 
V4CMC 
R, 
0.12* 
0.09* 
0.07 
0.028 
0.011 . 
0.09 
0.07 
0.06 
0.031 
0.007 
0.14 
0.12 
0.08 
0.056 
0.016 
CMC 
Rf 
0.09* 
0.07* 
0.05* 
0.024 
0.008 
0.08* 
0.06* 
0.04* 
0.032 
0.008 
0.13* 
0.08* 
0.07* 
0.021 
0.015 
different CMCs 
2xCMC 
Rf 
0.06* 
0.05* 
0.03* 
0.018 
0.007 
0.03* 
0.00* 
0.00* 
0.031 
0.008 
0.09* 
0.05* 
0.04* 
0.036 
0.012 
L.S.D. at 5% 
0.026 
0.006 
0.021 
0.014 
0.015 
0.017 
0.013 
0.012 
0.010 
S.E.(+) 
0.014 
0.009 
0.09 
0.013 
0.016 
0.012 
0.011 
0.015 
0.009 
A = Aligarh sandy loam; B = Dehradoon silt loam; C = Jhansi loam. * Significani decrease at 5% l.s. 
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Table 6. Movement of synthetic pyrethroids in soils when IVeen '20' free and Twccn '20' ammended soils 
or difTerent CMCs were used as adsorbents and distilled water as developer 
(movement expressed in terms of R, values) 
Pyrethroids 
Cypermethrin 
L.S.D. ai 5% l.s. 
S.E. (+) 
Deltamethrin 
L.S.D. at 5"* l.s. 
S.E.(+) 
Fenvalerate 
L.S.D. at 5% l.s. 
S.E.(+) 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural soi 
R, 
0.13 
0.10 
0.08 
0.026 
0.012 
0.10 
0.08 
0.06 
0.021 
0.009 
0.15 
0.13 
0.09 
0.045 
0.014 
INveen '20' ammended soils of different CMCs 
Is Vi CMC 
Rr 
0.12 
0.09 
0.07 
0.023 
0.011 
0.09 
0.06 
0.04 
0.032 
0.012 
0.14 
0.10 
0.08 
0.021 
0.017 
CMC 
Rr 
0.20* 
0.17* 
0.15* 
0.027 
0.038 
0.18* 
0.14* 
0.10* 
0.022 
0.019 
0.26* 
0.20* 
0.18* 
0.023 
0.024 
2xCMC 
Rr 
0.23* 
0.19* 
0.18* 
0.032 
0.012 
0.20* 
0.16* 
0.12* 
0.027 
0.018 
0.33* 
0.24* 
0.23* 
0.032 
0.026 
L.S.D. at 5% 
0.035 
0.019 
0.029 
0.035 
0.025 
0.030 
0.037 
0.048 
0.034 
S.E.(+) 
0.023 
0.021 
0.023 
0.024 
0.020 
0.016 
0.039 
0.028 
0.031 
A = Aligarh sandy loam; B = Dehradoon silt loam; C = Jhansi loam. * Significant decrease at 5% l.s. 
Tible 7. Movement of synthetic pyrethroids in soils when distiDed water and aqueous Tween '20' 
solutions of different CMCs were used as developers (movement expressed in terms of R, values) 
Pyrethroids 
Cypermethrin 
L.S.D. at 5% l.s. 
S.E.(+) 
Deltamethnn 
L.S.D. at 5% l.s. 
S.E.(+) 
Fenvalerate 
L.S.D. at 5 * l.s. 
S.E.(+) 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A( 
Natural soils 
Rf 
0.13 
0.10 
0.08 
0.026 
0.012 
0.10 
0.08 
0.06 
0.021 
0.009 
0.15 
0.13 
0.09 
0.045 
0.014 
lueous Twcen '20* solutions of difTerent CMCs 
V4CMC 
Rr 
0.12 
0.09 
0.08 
0.034 
0.009 
0.09 
0.06 
0.05 
0.026 
O.OIO 
0.14 
0.11 
0.10 
0.026 
0.012 
CMC 
Rf 
0.20* 
0.15* 
0.03* 
0.024 
0.017 
0.08* 
0.12* 
0.11* 
0.031 
0.018 
0.28* 
0.17* 
0.15* 
0.032 
0.033 
2 X CMC L.S.D. at 5% 
Rf 
0.30* 
0.22* 
0.19* 
0.035 
0.027 
0.24* 
0.16* 
0.15* 
0.024 
0.023 
0.38* 
0.24* 
0.20* 
0.023 
0045 
0.048 
0.030 
0.045 
0.035 
0.025 
0.029 
0.034 
0.021 
0.029 
S.E.(+) 
0.036 
0.026 
0.023 
0.030 
0.019 
0.020 
" 
0.050 
0.025 
0.022 
A = Aligarh sandy loam; B = Dehradoon silt loam; C = Jhansi loam. * Significant decrease at 5% Is. 
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Table 8. Movement of synthetic pyrethroids in SJ)S. free and S.D^. ammcnded soils of different CMCs 
were used ms adsorbents and distilled water as developer (movement expressed in terms of R values) 
Pyrethroids 
Cypcrmcthrin 
L.S.D. at 5% l.s. 
S.E.(+) 
Deltamethrin 
L.S.D. at S% l.s. 
S.E.(+) 
Fen valerate 
L.S.D. at S% l.s. 
S.E.(+) 
Soils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural soils 
Rf 
0.13 
0.10 
0.08 
0.026 
0.012 
0.10 
0.08 
0.06 
0.021 
0.009 
0.15 
0.13 
0.09 
0.045 
0.014 
SDS ammened soils of different CMCs 
Vi CMC CMC 2 X CMC 
Rf 
0.12 
0.10 
0.08 
0.038 
0.009 
0.10 
0.06 
0.05 
0.036 
0.012 
0.14 
0.10 
ao8 
0.022 
0.017 
Rr 
0.26* 
0.18* 
0.15* 
0.036 
0.027 
0.23* 
0.14* 
0.10* 
0.042 
0.031 
0.36* 
0.20* 
0.18* 
0.042 
0.047 
Rr 
0.55* 
0.35* 
0.28* 
0.032 
0.066 
0.46* 
0.24* 
0.20* 
0.031 
0.065 
0.60* 
0.40* 
0.29* 
0.032 
0.074 
L.S.D. at 5% 
0.030 
0.074 
0.029 
0.044 
0.025 
0.029 
0.051 
0.053 
0.028 
S.E.(+) 
0.086 
0.051 
0.040 
0.062 
0.035 
0.030 
0.093 
0.058 
0.042 
A = Aligath sandy loam; B = Dehradoon silt loam; C = Jhansi loam. * Significant decrease at 5% l.s. 
TaUe 9. Movement of synthetic pyrethroids in soils when distilled water and aqueous SUS. solutions of 
diCferent CMCs were used as developers (movement expressed in terms of R, values) 
Pyrethroids 
Cypermethrin 
L.S.D. at 5% l.s. 
S.E.(+) 
Deltamethrin 
L.S.D. at 5% Is. 
S.E.(+) 
Fen valerate 
L^.D. at 5% l.s. 
S.E.(+) 
Sals 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural soils 
Rf 
0.13 
aio 
0.08 
0.026 
0.012 
0.10 
6.08 
0.06 
0.021 
0.009 
0.15 
0.13 
0.09 
0.045 
0.014 
SDS aqueous 
V4CMC 
R, 
0.12 
0.09 
0.08 
0.021 
0.010 
0.09 
0.06 
0.05 
0.023 
0.009 
0.13 
0.11 
0.08 
0.026 
0.011 
solutions of different CMCs 
CMC 
Rf 
0.26* 
0.20* 
0.12* 
0.023 
0.033 
0.20* 
0.15* 
0.09* 
0.032 
0.026 
0.32* 
0.20* 
0.13* 
0.023 
0.045 
2xCMC 
Rr 
0.28* 
0.22* 
0.20* 
0.041 
0.020 
0.24* 
0.19* 
0.13* 
0.026 
0.032 
0.39* 
0.30* 
0.25* 
0.021 
0.033 
L.S.D.at5% 
0.025 
0.039 
0.028 
0.038 
0.029 
0.028 
0.043 
0.033 
0029 
S.E.(+) 
0.036 
0.029 
0.024 
0.032 
0.026 
0.015 
0.055 
0.037 
0.034 
A = Aligarh sandy loam; B = Dehradoon silt loam; C = Jhansi loam. * Significant decrease at 5% l.s. 
•:• R.P. Singh and Raj Kumar 
effccis are opposing each other and the latter 
fjtciac dominates. 
^Ticn relative mobility of synthetic 
pnTtthroids was compared according to the 
pesticide mobility classification of Helling and 
Turner^* for soil TLC plates, all the 
pniTMhruids were classified as low mobility 
compounds in the soils examined. These 
resuhs demonsuated, however, that very little 
=DO\^ £ment of any intact synthetic pyrethroids 
would occur through soil. Similar conclusions 
earlier, while studying the movement of 
pjTCCiroids in soils. 
Ejtct ofcationic surfactant: When CTAB 
2.mniended soil TLC plates spotted with 
pjittfaroids were developed in distilled water, 
a significant decrease in the movement of 
pryretfaroids was observed at CMC and 2 x 
CMC aimnended soils (Table 4) while in \ii 
CMC CTAB ammended soils a slight decrease 
in Rj values was observed. Generally, a similar 
creod was observed when surfacunt free soil 
TLC plates spotted with pyrethroids were 
eluted with aqueous CTAB solution of different 
critical micelle {¥i CMC, at CMC and 2 x 
CMQ concentrations (Table 5). The decrease 
in the movement of pyrethroids in both 
systems i.e., in surfactant ammended soils and 
in surfactant aqueous solutions at all CMCs 
may be due to increase in adsorption of 
pyrethroids, because CTAB is cationic in 
nanire and adsorbed (cation exchanged) by 
the soils in the form of hemimicelles/ 
admicelles^. Similar results were reported by, 
studying the effect of different surfactants on 
the mobility of diazinon, atrazine, metolachlor 
and acephate in soil'*. 
Effect of nonionic surfactant : On 
examination of Table 6, there was a slight 
decrease in the movement of all the three 
pyrethroids. when Tween '20' was used as 
adsorbent at ^ CMC but beyond this 
concentration i.e. at CMC and 2 x CMC 
ammended soils a significant increase in the R^  
values was observed. A similar trend was 
observed when natural soil TLC plates spotted 
with pyrethroids were eluted in aqueous 
solutions of Tween '20' of different CMCs 
(Table 7). The decrease in movement of 
pyrethroids at Vi CMC may be due to the 
increase in adsorption of pyrethroids by 
marked dispersion of soil particles which 
increases the number of available adsorption 
sites rather than an interaction between Tween 
'20' and pyrethroid molecules. At CMC and 2 
X CMC, the proportion of surfactant micelles 
adsorbed out of the total amount of the 
solution is much smaller than V^  CMC. This 
may also occur at high surfactant 
concentration as the surfactant micelles can 
compete and partly replace the free pyrethroid 
molecules adsorbed on soil surface'^ . These 
molecules would be incorporated into micelles 
in the solution phase, decreasing pyrethroids 
adsorption and increasing the movement. The 
results are in accordance with the work of 
•Aronstein et al.^^ and Sun et al} while 
studying the effect of nonionic surfactants on 
adsorption, desorption, mobility and 
biodegradation of hydrophobic organic 
compounds in soils. 
Effect of anionic surfactants : Using 
anionic surfactant (S.D.S.) ammended soils at 
CMC and 2 x CMC as static phase and distilled 
water as mobile phase, a marked significant 
increase in the movement of the pyrethroids 
was obtained (Table 8), while at Vt CMC 
ammended soils, the movement is by and large 
unaffected. A similar trend was observed 
when surfactant free soil TLC plates spotted 
with pyrethroids, were developed in aqueous 
SDS solutions of different CMCs (Table 9). 
This could be related to several mechanisms 
occurring simultaneously : (i) competition for 
Evaluation of ihc effect of surfactants on the movement of synthetic pyrclhroidx K9 
active hydrophobic adsorption sites on soil 
surface •between pyrcthroids and SDS (ii) 
equilibria of SDS among monomers, micelles 
and hemimicelies/admicelles (monomers 
adsorbed on soil surface), (iii) partitioning of 
pyrethroids among soil hydrophobic 
adsorption s i tes , SDS m i c e l l e s ( i . e . 
solubilization) and hemimicelies/admicelles 
formed on soil surface and (iv) interaction of 
pyrethroids with SDS monomers. These 
results are in conformity with the work of 
several researchers^'"^', who reported the 
effects of certain anionic surfactants on the 
adsorption, partitioning and solubilization of 
non-ionic organic compounds. 
The results indicate that behaviour of 
pyrethroids in soil-water systems with micelle 
forming surfactants depends on the (i) nature 
of the surfactant whether it is cationic, anionic 
and nonionic (ii) degree of hydrophobicity or 
polarity of the pyrethroids, (iii) presence ot 
the surfactants in soils and in the eluenis and 
(iv) the surfactant concentrations employed, 
i.e. below CMC. at CMC and above CMC. 
Although, the increase in the apparent water 
solubility of hydrophobic organic compounds 
is generally accepted, the effect of addition of 
surfactants in soil-w'ater-pyrethroids systems 
on the partitioning of the pyrethroids is 
extremely complex. The results obtained also 
show that the pyrethroids movement may 
increase or decrease depending on the 
particular pyrethroids, surfactants and its 
concentration. 
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ABSTRACT: The adsorption of carbofuran in aqueous surfactant-free and 
surfactant (canonic, non-ionic and anionic) solutions of different micellar con-
centration ('/2 X CMC. CMC and 2 x CMC) on three different types of Indian soil 
has been studied using the batch shaking technique The measured equihbrium 
adsorption isotherms for the surfactant-free and surfactant/soil/water systems at 
different ciitical micellar concentrations were S-shaped and in close agreement to 
the Freundlich isotherms Higher adsorption of carbofuran in both systems was 
observed on silt loam soil followed by loam and sandy soils, and was anticipated 
bv the values obtained for the Freundlich constant, K .^ and the partition coeffi-
cient. Ky The \alues of Kj. and K^ obtained also confirmed that the adsorption of 
carbofuran in aqueous surfactant solutions followed the order cationic > non-
lonic > anionic at all the CMC values studied The affinity of carbofuran towards 
organic matter and the clay content of the soils was evaluated by calculating the 
K ^^  and K values, when it was found that carbofuran adsorption was better corre-
lated with the clay content than with the organic matter content The predicted log 
K ^  values were also obtained from the aqueous solubility, 1-octanol/water parti-
tion coefficient (K ). adsorbability index (Al) and first-order molecular 
connectivity index Cy.) of carbofuran Use of the aqueous solubility and the 
1-octanol/water partition coefficient of carbofuran to predict the adsorption gave 
values with a considerable error in comparison with those measured experimen-
tally, whereas the use of the absorbability index and first-order molecular 
connectivity index for carbofuran improved the predictions considerably The 
results obtained are interesting in that they afford basic data relating to the poss-
ible use ot suitactants for solving problems of soil contamination by carbofuran 
INTRODUCTION 
Enviionmental pollution has become a major issue in agriculture during the past several years 
because the increased use of pesticides has led to a greater emphasis on serious environmental 
contamination The frequent detection of pesticides in surface and ground water (Spalding et al 
1980. Peoples fr n/ 1980. Rothschild e / a / 1982. Weaver er a/ 1983, Cohen ef a/ 1984) has 
increased inteiest in studies ot pesticide adsorption by soils Adsorption is one of the most import-
ant processes affecting the mobility, persistence, bioactivity, toxicity and efficacy of pesticides in 
the soil environment The liteiature on this topic has been reviewed by Bailey and White (1970) 
^Author to whom all correspondence should tie .addressed 
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and by Cheng (1989) Most of the existing data on carbofuran adsorption on soils relate to aqueous 
solutions (Felsot and Wilson 1980, Garg and Agnihotri 1984, Singh et al 1985) Recently, Singh 
(1996) has studied the effect of organic cosolvent on the adsorption of cypermethrin on soils and 
applied the cosolvent theory proposed by Rao et al (1985) on the basis that in the natural environ-
ment It is likely that, in waste disposal and land-treatment sites, the waste water contains a large 
quantity of various organic solvents However, there are very few references in the literature to the 
effect of surfactants on the adsorption and movement of carbofuran in soils (Sharma et al 1986, 
Singh et al 1994) Hence, in the present investigation, an attempt has been made to study the 
adsorption of carbofuran in soils in the presence of aqueous solutions of various surfactants 
[cetyltrimethylammonium bromide (CTAB). polyoxyethylene sorbitan monolaurate (Tween '20) 
and sodium dodecyl sulphate (SDS)] at different critical micelle concentrations (Vi x CMC, CMC 
and 2 x CMC) with a view to understanding how the adsorption of carbofuran is altered by the 
presence of such surfactants when both co-exist in the soil as a result of human activity as well as 
the possible development of the use of surfactants m solving pollution problems posed by carbofuran 
in soils 
EXPERIMENTAL 
Materials 
Soil samples were collected from cultivated fields with no background of pesticide application at a 
depth of 0-30 cm fiom the village of Lahrota in Aligarh district, the village of Doiwala and the 
Forest Research Institute (PR I) tann in Dehradoon district (U P) in India The soils were dried, 
crushed and sieved, and their physicochemical properties determined by standard techniques The 
results obtained are summarised m Table 1 
Caibofuran (99% purity, aqueous solubility, 320 mg/l, log K,^  = 2 315) was obtained from M/S 
Rallis Agrochem Station. Bangalore India All other chemicals and reagents were obtained from 
BDH Ltd and were of AR grade A stock solution of carbofuran of 200 f.ig/ml concentration was 
prepared by dissolving the requisite amount of carbofuran in methanol 
The cationic, non-ionic and anionic surfactants, viz cetyltrimethylammonium bromide, 
polyoxyethylene sorbitan monolaurate and sodium dodecyl sulphate, were obtained from Central 
Drug House Pvt Ltd , Mumbai, India and their properties are listed in Table 2 
TABLE L Physicochemical Parameteis of Soils Studied 
Propel ty 
Texture 
Composition (9f) 
sand 
silt 
clay 
organic carbon 
CaCO 
CEC (mequiv/kg) 
Surface area (m'/g) 
pH 
Aligarh soil 
sandy loam 
70 20 
22 80 
7 00 
0^3 
0 25 
90 00 
77 41 
8 80 
Doiwala soil 
silt loam 
24 60 
56 90 
18 50 
1 25 
600 
195 00 
200 64 
5 90 
PR I soil 
loam 
49 9^ 
3^01 
17 06 
051 
3 50 
246 00 
164 51 
6 90 
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TABLE 2. Nature and Properties of Surfactants Employed 
Surfactant Formula Nature MW CMC (g/1) 
Cetyltnmethylammonium bromide 
Polyoxyethylene sorbitan monolaurate 
Sodium dodecyl sulphate 
C„H,,BrN 
Tween '20 
C,,H„NaO,S 
cationic 
non-ionic 
anionic 
364 46 
1227 70 
288 38 
0 334 
0 14 
2 38 
Adsorption studies 
Batch equilibrium adsorption isotherms of carbofuran on soils in the presence and absence of 
aqueous solutions ot the cationic, non-ionic and anionic surfactants at different critical micelle 
concentrations (Vi x CMC, CMC and 2 x CMC) were performed by taking 10 concentrations of 
carbofuran (100. 200. 300. 400. 500. 600. 700, 800, 900 and 1000 |ig) in 100 ml glass stoppered 
conical flasks The volume contained in each flask was made up to 20 ml by the addition of the 
requisite volume of methanol and surfactant solutions at different CMCs To these solutions was 
added 1 g of each soil and the resulting suspensions were maintained at 25°C for 24 h in an incuba-
tor with a shaking period of 3 h All experiments were conducted m duplicate Preliminary studies 
showed that theie was no measuiable increase in the adsorption of carbofuran by the soils after 
24 h either in the presence or absence of the various surfactants at the three CMC values employed 
The suspensions were centrifuged at 10 000 rpm for 10 min using a Backman L3-50 model ultra-
centrituge and the carbofuran in the supernatant liquid estimated spectrophotometrically (Mithyantha 
and Perur 1974) The amount of carbofuran adsorbed was calculated as the difference between the 
initial carbofuran concentiation and the equilibrium concentrahon according to the expression 
x/m = (C„ - C )V/W (1) 
wheie x/m is the concentration of caibofuian m the soil (ng/g), C„ is the initial carbofuran concen-
tration ().ig/ml) C IS the final (equilibrium) carbofuran concentration (|ig/ml), V is the solution 
volume and W is the weight of soil sample employed 
I 
Evaluation of the adsorbability index (A/) and tJie first-order molecular connectivity index 
("x) of carbofuran 
The adsorbabilit> index (AI) of carbofuran was evaluated from equation (2) by inserting the values 
ot A and I as listed in Table 3 deiived from the work of Abe et al (1986) 
AI = l A -H I I (2) 
where A and I are the factois foi the respective increase and decrease in adsorbability of the atom 
or functional group in the molecule from aqueous solution on to the various soils studied, the AI 
value lor carbofuran being equal to 4 74 
The first-order molecular connectivity index ('x) for carbofuran was evaluated by substituting 
the above AI value for carbofuran in the following equation proposed by Okouchi and Saegusa 
(1989) 
'X = I6AI - 0 68 
from which a corresponding value of 4 8184 was obtained 
(3) 
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TABLE 3. Adsorbabihty Index (Al)' 
c 
H 
N 
O 
s 
CI 
Br 
NO, 
-c=c-
iso 
ten 
cvclo 
0 26 
012 
0 26 
0 ) 7 
0 54 
0 59 
0 86 
021 
0 19 
-0 12 
-0 32 
-0 28 
aliphatic 
-OH (alcohols) 
- 0 - (ethers) 
-CHO (aldehydes) 
N (amines) 
-COOR (esters) 
>C=0 (ketones) 
-COOH (fatty acids) 
aromatic 
-OH. - 0 - N. -COOR, >C=0, -COOH 
a-amino acids 
-0 53 
-0 36 
-0 25 
-0 58 
-0 28 
-0 30 
-0 03 
0 
-1 55 
'According to Abe ff n/ (1986) 
RESULTS AND DISCUSSION 
The adsorption isothenns for carbofuran on soils in the presence and absence of aqueous solutions 
of the surfactants studied are depicted in Figures 1-3 The isotherms all indicate the amount of 
carbofuran adsorbed per unit mass of solid adsorbent (x/m, (.ig/g) versus the equilibrium concen-
tration (C ,^ |.ig/ml) It IS clear from the isotherms that adsorption followed the order silt loam > 
loam > sandy loam soil in aqueous solution as well as in aqueous surfactant solutions at all CMC 
values studied The higher adsoiption on silt loam soil may be due to the greater amount of organic 
matter, clay and calcium carbonate content the higher surface area and the lower pH value of silt 
loam soil followed by loam and sandy loam soils (Table 1) According to the classification of Giles 
eral (1960), the isotherms tor both types of systems (i e in the absence and presence of sui factant 
at varying CMC value) are S-shaped, suggesting that the adsorption of carbofuran was enhanced at 
higher concentrations The S-shaped isotherms also suggest that the adsorption of carbofuran was 
probably enhanced by the marked localisation of the attractive forces over the >C=0 group in the 
molecule leading to interaction with adsorption sites on the individual soils 
In all cases, the adsorption data could be described by the empirical Freundlich adsorption equa-
tion 1 e 
log(x/m) - log Kp -I- 1/n log C^  (4) 
where K^  and 1/n are constants associated with the affinity of the adsorbent for the adsorbale and 
to the degree of curvature ot the isotherms, respectively Tlie dimensions of Kp are |.ig' ""ml"" 7g 
while 1/n IS dimensionless In general, the values ot the correlation coefficient, R-, weie greater 
than 0 96 The values of 1/n were close to unity in surtactant-free systems and m the presence of 
the cationic surfactant at all CMC values studied, 1/n was greater than unity for the anionic sur-
factant at all CMC values, while for aqueous solutions of the non-ionic surfactant, 1/n was greater 
than unity at the CMC value and at 2 x CMC (see Table 4) Thus, in addition to the Freundlich 
constant, K ,^ it was considered appropriate to use the distribution coefficient, K ,^ as a measure of 
the soil adsoiption capacity because it represents the relationship between the concentration of 
carbofuran in the soil and that at equilibrium in the solution for a given equilibrium concentration 
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TABLE 4. Parameters for Carbofuran Adsorption on Soils from Surfactant-free and Aqueous Surfactant 
Solutions of Different CMC Values 
Soils CMC 
(g/1) 
Parameters" 
K, 1/n 
CetYltrimelliylammonlum bromide (CTAB) 
Silt loam 
Loam 
Sandy loam 
Tuecn '20 
Silt loam 
Loam 
Sandy loam 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
36.30 
50.11 
27.54 
20.89 
30.19 
43.65 
10.47 
9.95 
22.90 
41.68 
14.45 
7.76 
36.30 
45.70 
21.37 
6.76 
30.19 
40.73 
10.96 
7.24 
22.90 
28.80 
7.58 
3.16 
Sodium dodecyl sulphate iSDS) 
Silt loam 
Loam 
Sandy loam 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
36.30 
20.41 
6.02 
3.98 
30.19 
12.02 
5.37 
3.80 
22.90 
5.49 
3,46 
1.20 
0.96 
0.92 
0.96 
0.97 
0.94 
0.98 
1.00 
1.09 
0.93 
0.80 
1.03 
1.04 
0.96 
0.92 
1.00 
1.22 
0.94 
0.90 
1.13 
1.22 
0.93 
0.94 
1.20 
1.27 
0.96 
1.09 
1.33 
1.33 
0.94 
1.16 
1.27 
1.21 
0.93 
1.26 
1.33 
1.47 
R-' 
0.97 
0.98 
0.96 
0.97 
0.96 
0.97 
0.97 
0.99 
0.96 
0.95 
0.98 
0.98 
0.97 
0.96 
0.97 
0.99 
0.96 
0.96 
0.98 
0.99 
0.96 
0.96 
0.98 
0.99 
0.97 
0.96 
0.99 
0.99 
0.96 
0.98 
0.99 
0.99 
0.96 
0.99 
0.99 
0.99 
Ko 
31.45 
41.65 
• 23.93 
17.92 
22.69 
30.67 
19.57 
15.54 
17.52 
20.93 
15.35 
13.40 
31.45 
36.06 
20.95 
14.98 
22.69 
26.06 
15.90 
13.22 
17.52 
19.89 
13.79 
10.74 
31,45 
24.93 
16.15 
11.52 
22.69 
17.11 
13.03 
10.78 
17.52 
13.37 
11.06 
7.42 
K 
C 
184.35 
244.14 
140.27 
105.04 
122.64 
165.78 
105.78 
84.00 
250.29 
299.00 
219.29 
191.43 
184.35 
211.37 
122.80 
87.80 
122.64 
140.86 
85.95 
71.54 
250.29 
284.14 
197.00 
153.43 
184.35 
146.13 
94.66 
67.53 
122.64 
92.49 
70.43 
58.25 
250.29 
191.00 
158.00 
106.00 
K 
OIIl 
1456.01 
1929.24 
1107.87 
829.62 
2578.40 
3485.22 
2223.86 
1765.90 
3073.68 
3671.92 
2692.98 
2350.87 
1456.01 
1669.44 
969.90 
693.51 
2578.40 
2961.36 
1806.81 
1502.27 
3037.68 
3489.47 
2419.29 
1884.21 
1456,01 
1154.16 
747.68 
533.55 
2578.40 
1944.31 
1480.68 
1225.00 
3073.68 
2.345.61 
1940.35 
\30L75 
logK 
3.16 
3.29 
3.04 
2.92 
3.41 
3.54 
3.35 
3.25 
3.48 
3.56 
3.43 
3.37 
3.16 
3.22 
2.99 
2.84 
3.41 
3.47 
3.26 
3.18 
3.48 
3.52 
3.38 
3.27 
3,16 
3.06 
2.87 
2.73 
3.41 
3.29 
3.17 
3.09 
3.48 
3.37 
3.29 
3.11 
'K = K„ X Vrclay content; K _  = K,, x ^forganic inatter content. 
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Figure 1. Adsorption isotherms of carbofuran on soils in CTAB-frec and CTAB solutions of different CMC values. 
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Figure 1 (continued) 
From the adsoiption data, the statistical average of the distribution coefficient. K ,^ for each soil in 
the presence and absence of aqueous solutions of the surfactants at different CMC values was 
calculated fiom the relationship 
Ko = 
S(x/m.C^) 
1(C)- (5) 
The values of K^ ,. 1/n. R- and K^ thus evaluated are listed in Table 4 
On examination of these data, it is seen that higher values of K^ and K^ were observed for silt 
loam soil, followed by the loam and sandy loam soils. This confirms the order of carbofuran adsorp-
tion in both aqueous surtactant-free and surfactant-containing systems (Figures 1-3). The values 
of Kp and Kp also confirm that the adsorption of carbofuran on all three soils studied was greater in 
the presence of the cationic surfactant, followed by the non-ionic and anionic surfactants at all 
CMC values 
Effect of the cationic surfactant (CTAB) 
The higher value of the Freundlich constant, K ,^ and of the distribution coefficient, K , for carbofuran 
at Vi X CMC compared to the corresponding values in a surfactant-free system for all three soils 
demonstrates that the adsoiption ot carbofuran increased at this CMC value This increase of both 
constants must be due to increased adsorption because CTAB is cationic in nature and adsorbed 
(cation-exchanged) by soils in the form of hemimicelles/admicelles (West and Harwell 1992) 
However, in aqueous surfactant concntration corresponding to CMC and 2 x CMC, the observed 
values of K^ . and K^ were decreased markedly (Table 4) for all the soils, indicating that the adsorp-
tion of carbofuran decreased with respect to the surfactant-free system (Figure 1) This decrease 
may be due to adsorption of the carbofuran by the CTAB micelles present in the solution phase, 
leading to a net increase m the carbofuran concentration in the solution phase Such results are in 
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Figure 2 (conlinued) 
accordance with the work of Iglesias-Jimenez etal (1996) who studied the effect of surfactants on 
the adsorption of diazinon atrazine ethofumesate and atephate in a soil The increase in the values 
of log K for carbofuran in an aqueous phase containing CTAB at Vi x CMC concentration and a 
decrease in the corresponding values at CMC and 2 x CMC for the same surfactant relative to the 
situation with a surfactant-tree system for all three soils may be due to the increased adsorption of 
carbofuran by soil bound surfactant and the solubilisation of carbofuran at the CMC and 2 x CMC 
value respectively Similar results were reported by Kile and Chiou (1989) in their studies of the 
water solubility enhancement of DDT and trichlorobenzene by some surfactants both below and 
above the critical micelle concentration 
Effect of the non-ionic surfactant (Tween '20) 
Figuie 2 presents the effect of the non ionic surfactant Tween '20 at different aqueous concentra-
tions on the adsorption of carbofuran on the soils studied At low aqueous concentration (V2 x 
CMC) the presence of Tween 20 led to increased K^  and K^ values relative to the surfactant-free 
system thereby indicating an increase in adsorption whilst in the presence of aqueous solutions of 
the same surfactant at CMC and 2 x CMC values a significant decrease in the values of K^  and K^ 
was observed indicating decieased adsoiption (Tabfe 4) The increase in carbofuran adsorption at 
fow CMC values may be due to dispersion of the soil particles which leads to an increase m the 
numbei of adsorption sites available The decrease in adsorption of Tween '20 at CMC and 2 x 
CMC values in aqueous solution may be partly due to the initial occupation of the soil adsorption 
sites by the Tween 20 molecules partly due to the higher Tween '20 concentrations in the system 
and partly due to the replacement of carbofuran molecules adsorbed on the soil surfaces by sur-
factant micelles Carbofuran mofecutes would also be incorporated into micelles present in the 
aqueous phase theieby leading to a decrease m the number of carbofuran molecules available for 
adsorption Similar results have been reported by a number of other workers (Huggenberger et al 
197^, Aionstem ef a/ 1991 Sun ef al 199*1) in studies of the effect of non-ionic surfactants on the 
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adsorption, desorption. mobility and biodegradation of hydrophobic organic compounds m soil 
The decrease in the log K^  ^ values observed for carbofuran adsorption at the CMC and 2 x CMC 
\alues relative to surfactant-free systems for the soils studied may be due to the formation of 
aqueous surfactant micelles which compete effectively with the solid phase as an adsorptive me-
dium for poorly water-soluble organic compounds or to the enhancement of solubihsation at these 
surfactant concentrations, while the slight increase in the log K,^ values observed at V2 x CMC for 
aqueous solutions of Tween "20 may be due to the adsorption of carbofuran by the soil-bound 
surfactant phase The results obtained in this work are in accordance with the observations of Sun 
et al (1995) on the sorption of non-ionic organic compounds in soil-water systems in the presence 
of micelle-forming surfactants 
Effect of the anionic surfactant (SDS) 
Figuie 3 depicts the effect of aqueous solutions containing the anionic surfactant at concentrations 
equal to V2 x CMC. CMC and 2 x CMC on the adsorption of carbofuran on the various soils 
studied At low concentration (V2 x CMC), a slight increase in the values of K^  and Kp was observed 
relative to the surfactant-free system, whereas at the CMC and 2 x CMC values a marked decrease 
in both K^  and K^^ was observed Such results demonstrate a decrease in adsorption on all three 
soils studied in the presence of SDS This decrease may be attributed to several mechanisms such 
as (1) competition for active hydrophobic adsorption sites on the soil surface between the carbofuran 
and SDS molecules. (11) SDS equilibria involving monomers, micelles and hemimicelles/admicelles 
(monomers adsorbed on the soil surface), (111) partition of the carbofuran amongst hydrophobic 
soil adsorption sites. SDS micelles (solubihsation) and organominerals (hemimicelles/admicelles 
formed on the soil surface) and (iv) interaction between carbofuran molecules and SDS monomers 
The results obtained in the present study conform with those of several workers (West and Harwell 
1992. Ziqing ef al 1995. Valsaraj and Thibodeaux 1989. Jafvert 1991, Liu et al 1991, Park and 
Jaffe 1993) who studied the effect of certain anionic surfactants on the adsorption, partitioning and 
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solubilisation of non-ionic organic compounds The decrease in the values of log K^^  with increas-
ing SDS concentration with respect to the surfactant-free system for the soils studied (Table 4) 
suggests that SDS enhanced the solubility of carbofuran in the suspensions studied, with the affin-
ity of carbofuran for the SDS micelles being higher than that for the soils concerned Similar 
results were reported by Ziqing etal (1995) for the effect of linear alkylbenzene sulphonate (LAS) 
on the adsorption behaviour of phenanthrene on soils 
Tlie affinity of carbofuran towards organic matter content, K^^ , and clay content, K, of the 
soils was calculated from the equations proposed by GrestI (1984) and later employed by Singh 
(1996) The values thus obtained are listed in Table 4 These important parameters provide an 
assessment of the environmental fate of organic chemicals They provide an indication of the 
extent to which chemical partitioning occurs between the solid and solution phases in the soils 
and suggest whether the chemical is likely to leach through the soil or be rendered immobile 
The affinity of carbofuran towards the organic matter and clay content of the soils may be com-
pared through the use of the K^^  and K values In the present study, sandy loam soil exhibited 
higher K values, followed by loam and silt loam soils This is common for soils with low or-
game matter content (Table 1) Hamaker and Thompson (1972) suggested that this tendency was 
due to the significant contribution made by mineral phases towards adsorption In the present 
work, carbofuran adsorption could be correlated better with the clay content of the soils rather 
than with their organic matter content, despite the fact that the latter is responsible for high K^^ 
values Similar results have been reported by a number of other workers (Wahid and Sethunathan 
1978. Singh 1996) 
In addition to experimental determination, several researchers (Kenaga and Goring 1978, Hassette 
etal 1980. 1981, Brown and Flag 1981, Layman l990,Sabijic 1987, Meylan e/a/ l992,Okouclii 
and Saegusa 1989) have evaluated the predicted values of log K ^^  for different organic compounds 
using the following equations 
log K „_ = 3 64 - 0 55 log S (Kenaga and Goring 1978) (6) 
logK^ = -0 686 log WS + 4 273 (Hassette ef a/ 1981) (7) 
losK = 0 9 3 7 log K - 0 006 (Brown and Flag 1981) (8) 
log K,,^  = log K^ ^ - 0 317 (Hassette ef a/ 1980) (9) 
log K ,^  = 0 544 log K ^ -I- 1 377 (Layman 1990) (10) 
log K ^ = 0 53 • 'x + 0 54 (Sabijic 1987) (II) 
logK,^ = 0 5 3 . ' x + 062 (Meylan ef A/ 1992) (12) 
log K = 0 64AI + 0 16 (Okouchi and Saegusa 1989) (13) 
where S is the water solubility in |.ig/ml. WS is the water solubility in mg/1, K^ ^ is the 1-octanol/ 
water partition coefficient, 'x is the first-order molecular connectivity index and AI is the adsorb-
ability index for the respective organic compounds studied 
The predicted values of log K ,^  for carbofuran were evaluated by substituting the appropriate 
values of the above coefficients for carbofuran in equations (6) to (13), the corresponding data 
being listed in Table 5 From this table, it will be seen that the predicted log K,^ values obtained 
from the aqueous solubility and the 1-octanol/water partition coefficient (K,^) for carbofuran were 
considerably in error compared to those measured experimentally However, when the adsorb-
ability index (AI) and the first-order molecular connectivity index ('x) were employed, the 
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TABLE 5. Comparison of Predicted log K^^^  Values Obtained from Equations (6)-(13) with Average of 
Experimentally Observed Values of log K^ ,„, for Carbof\iran Adsorption on Soils 
Average of experimental 
log K value 
Predicted value 
of log K 
%Error'' 
3 ^ 5 2 02 
2 32 
1 92 
1 76 
2 40 
3 09 
3 17 
3 19 
I 33 
I 03 
143 
159 
0 95 
0 26 
0 18 
0 16 
39 70 
30 74 
42 68 
47 46 
28 35 
7 76 
5 37 
4 77 
'4 = experimental log K _^  - predicted log K ^ %error = 
predicted log K^ , 
experimental log K ^ 
•X 100 
predicted log K ^^  values were very close to those observed experimentally. Hence, these latter two 
parameters are better for predicting the adsorption behaviour of carbofuran than any of the others 
listed above in connection with equations (6) to (13) 
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ABSTRACT : In this study, the effect of conccntrmtloii (1/2 CMC, it CMC and 2 x 
CMC) of surfactants, cetji trimethyl anuncNiium bromide (ortlonicX sodium dodccyl 
sulphate (anionic) and tween *20' (non - ionic) on tiic movement of cartwftiran, clilorpyrifos 
and endosulfan in soils was evaluated by using a vM thin - layer chromatographic technique. 
Tlw movement of pesticides was detected by sfmiy reagents and expressed In terms of Rr 
values. The praetrability K was found to bicrease by decreasing the ptate angle and firilowed 
the order as : sandy loam > loam > silt loam soils. The penetrability K also decreases in 
surfactant ttee and surfactant ammended soils witm developed in distiOed water and 
aqueous surfactant solutions of different CMCs, respectively. The higher movement of 
pesticides was observed in sandy loam soil followed by loam and silt loam soib. On the basis 
of Rr values, the movement of pesticides follows the order as : carboAn«n > chlorpyrifos > 
endosulfan, both tai surfactant ammended and surfactant free soils when developed hi 
distilled water and aqueous surfactant solutions of different CMCs. The movement is 
directly |Nt>portlonai to the aqueous sohibitttles, pohulties and carbon oumbov and hiverMly 
rehted to the molecuhu' weights of pesticides. A significant Increase or decrease of pesticides 
movement hi soHs was discussed onthebasbof adsorption of pesticides on soils, chemical 
nature of the surfoctants and its concentrations hi terms of critical micelle concentrations 
(CMCs) in MoOs and eluents. Results obtafaied mi^ provide taitights pertafais to the use of 
surftdants for solving soil pollution problems posed by pesticides. 
Key words: pesticides, soil, movnnent, surfactants, critical mkefle concoitralion. 
1. INTRODUCTION 
Sur&Ktants may mhance the apparent solubility of hydrophobic oiganic compounds, cspeciaDy 
wbmpRMOit at concentntion8<d>ove the oiticalniicdleconc^itratiQn (CMC) at wUch suiiactant 
monomm aggregate to micelles (Edwards et oL. 1994; Grimbeig et al., 1995; Guha et aJ., 1998). 
Such micelles act as colloids and can stronsjty mhanoe die apparait scMnlity of hydrophobic 
oiganic conq>oun(k, cspeciaify anionic and nonionic surfactants (Edwards et al., 1991; Di Cesan 
and Snutti, 1994) extracting tbem from soQs. This iaacmc in tppaivot solubility may reprcscBt an 
important tool fin- chemical and bicdogical remediation of contammatcd soils (Parfitt et al., 199S ; 
Sun et al., 1995 ; US EPA. 1985 ; Volkcring et al., 1997). Other types of wirfactaits such as 
catimiic ones, nury be retained by sofl coOcnds and rosy enhance a hydrofdiobic organic 
conqxHind's adsoqytion, with a potential increase in tiie formation of bound residues (Wagner et 
al., 1994). Several researchoc (Amonette and O' Connor, 1980; Hermosin and Comejo, 1992 ; 
Rodriguez - Gonzalo et al., 1993 ; Iglesias - Jimeneze et al, 1996), have shown ttiat surfactants 
and pesticide conqxwnds can interact under ceitain conditions and tiierefore influence the 
pesticides adsorption on soils. But literature pertaining to effect of sur^tants on the movement of 
pesliddes in soils is voy scanty (Huggenbeiger et al, 1973 ; Sanchez - Camazano et al, 1995). 
Hence in the present studies an attempt has been nuule to study tfie effect of cationic, ncmionic 
and anionic surfactants on the movement of caibofiiran (2,3-dihydn>-2,2-dimetfayl -7-
benzofiiranyl metfqi caibamateX chlorpyrifos (0,0-dtettiyl 0-3,5,6-trichloro-2-pyridyl 
phoq)h(M'otfaioate) and endosulfan (6,7,8,9,10,10-hexachloro-l,5,5a,6,9,9a hexahydro 6,9 -
metiiano 2,4,3-baizodlaxalhi(^-3- oxide) in tiiree different (sandy loam, loam and sih loam) 
types of sofl by using a soil thin-layer chromatogrq>fay (TLC) tedinique. This type of study wiD 
h ^ us to undoBtand, how movement of a soO vpplkA pesticide can be altered by tfie presence of 
surfactants when botfi coexist in soil as a resuh of human activity and fiirtfier how the presence of 
surfactants can help in solving pdhition iptoYAcm posed by these pesticides. 
II. MATERIALS AND METHODS 
The alluvial, forest and hill soils used for these studies wore sanqded to a depth of 0 - 30 cm fiom 
Aligaih and Ddiradoon districts of U.P. (India), respectivdy (TaUe 1). These soils woe air dried, 
OTished and sieved. The mechanical composition of sofls was estimated by ttie international pipette 
(Pq)er, 1950) m^Md. The pH in 1:2.5 soil-water s a n q ^ and tfieir CaCOa contents were 
determined (Jadoon, 1958). The percmtage of organic matto-, cation exdum^ capacity and 
surface area of tfie soils w o e determined by WaDdey and Bknk (1947 ),Ganguli's (1951) and 
Pyal and Hendridc (1950) metfiods, respectivdy. 
The pesticides used in this study were supjdied by ttie following manufacturers : 
carbofiiran 99 % iniiity by M/S RaOis Agrochonical Station, Bandore, chknpyrifos 20 % EC 
by M/S Lupin Agrodiemicals India Limited, Mumbai and endosulfan 35 % EC by M/S Norttiem 
Mnerab Limited, Guigoan (Haiyana) India, respective. The molecular structure, molecular 
weights together witti flieir aqueous gohibflities are shown in Table 2. Stock sohitkms of 
pesticides (1000 \>%/nA concentration) were prepared by disstrfving 0.1010 g of catbofuran, 
0.50 g ofchloqjyrifosand 0.2857 gofendosulfan in 100 ml of methanol, reqKctively. 
The surfactants viz., cet^ trimettiyl ammonium brcmude (C.T.A.B, catiooic, CMC = 0.34 
g / L), sodium dodecyl sulphate (S.D.S, anioalc, CMC = 138 g / L) and Tween '20* (non - ionic, 
CMC = 0.14 g / L) were used at CMC, half CMC and 2 fold CMC concentrations. 
dean ^ass {dates (20x20cm^ size) were coated with water shmy of soil sanq>le8 
(0.5 mm thickness) using a TLC spreader (Helling and Turner, 1968; Singh et al, 1977). The 
plates were drnd at room texapcaian and then activated at 100 -105 "C in an oven for half an 
hour. After activating tfie {dates, two lines at 3 and 13 cm above ^e base were scribed to maintain 
the standard deveIo{>ment distance of 10 cm. A 10 pL methanohc sdutions of caibofuran, 
chloqiyrifos and endosulfan of concentration 1000 ^g / mL were iq>plied on flie soQ TLC {dates 
witii the help of the lambda {)ipette 3 cm above the bottmn of ttie {dates. A 2 on wide strip of 
pspei towel moistened widi distilled water, was vmippeA around ttie bottom of die {dates, b 
order to evaluate the elGfect of water {>enetrability, three different a{>proaches such as pliyncal, 
solvent and soil modifications were done. For {d^cal modification natural sofl ^Mtted plates 
were duted with distilled water {>06itioning tiie plates at 45°, 60 ,^ 9(f in the g ^ tank, s(dvent 
modification was dcme by ehiting die natural soil tpotted {dates in the aqueous solutions of 
surfactants at concentrations of 0.17, 0.34, 0.68 g / L for C.T.A.B, 0.07, 0.14 , 0.28 g / L for 
Tween '20' and 1.19, 2.38, 4.76 g / L for S.D.S. and for soil modification surfactants woe even 
directly added to die soil water mixture at the rate of same concoitrations cited above (g / kg sofl). 
hi both systems, soil plates were placed in the glass tank at 45 ** {date angle to study tfie e£fect of 
surEactants on tfie movnnait of {)estiade8 in soils and ponetrability. The devdo{)ed plates were air 
dried at room tem{)ersture and carbofiiran was detected by sjiraying the plates with 5% methanohc 
KOH 8duti(»i fdlowed by 0.1% p - nitrobenzene diazonhim tetrafluoroborate. Violet coloured 
s{>otB indicated caibofiiran. The dark brown s{x>ts of chlorpyrifos and endosulfan were detected 
by spraying plates with 5 % mettianolic solution of iodine. The movement of pesticides was 
ex{)ressedintermsofRf values as; 
RT + RL 
Rf = [ ] 
2 
wiiere RT and ^  denote tailing and latoal fronts, re8{)ectively. The tailing and lateral fixmts can be 
e>qnvssed by the equations as 
Distance mofved by the upper part of the spot 
R x ~ • ' " 
EMstance moved by die developer 
and 
req>ective}y. 
Distance moved by tfie bottom of spot 
R L = 
Distance moved by the developer 
ra. RESULTS AND DISCUSSION 
Who) natural sofl TLC plates qx>tted with pesticides w o e developed in distilied water by placing 
the {dates at 4S^ 60" and 90** angles in the ^ass tank, die wato: flux or paietrability (molde 
phase VfAodty constant) K was calculated from die dopes of the straig^ lines obtained by plotting 
a gnq;)h between square of the distance travelled by die distilled water (x) over die time (t) 
(Figure 1, Table 3). The K vahies were calculated by using the equation 
x = Kt*'' +C ( 1 ) 
where 'x' is pootion of the solvent front (cm) at time (t) minutes . The slope constant K (cm / 
min"') is equivalent to tarn " penetrability" as si^ested by Jadcson (1963) reflecting ascending of 
ehients into pofx>itt media. Data givm inTaMe 3 indicate diat poietrability K inoieased by 
decreasing die plate ang^ probably due to change in capiUaiy lise. Similar results were reported by 
HeBmg (1971) while stuping die effect of dififoent parameters on pesticide mobility in soils using 
soil dun-layer chromatography. 
The vahies of penetrability K depoid upon die characterstics of bodi soil and solvmt. 
Equation 1 is dso equivalent to die expression cited by Brenna- et aL (1965) and Gdss (1987 ) 
for s(4vait movnnent in don - layer diromatogrqihy i.e. 
Zf* = a +bt ( 2 ) 
where Zf=X and b ^ = K. Experimaitalty, die contribution of constant C in equation 1 and 'a' in 
equation 2 was usualty insignificant. 
When surfactants ammended soils and natural soils TLC jdates were duted in distilled 
water and aqueous surfactant sohitions of different CMCs, die vahies of K fdlowed die order as 
sandy loam > loam > sih loam soils (Table 4). This may be due to die dififerences in textuzal and 
odiw properties of die soils. Water penetrability' K in soils was reduced in the presence of 
surfactant scdutions and surfactant anunended soils when compared witfi natural soil TLC plates 
developed in distilled water. Similar results were reported by Helling, (1971). The reduction was 
genera&y more pronounced in pretreated soils according to fbs results obtained by Kijne (1968) 
and Rosen (1968) and was more pronounced fix turn ionic and cation surfactants whereas K 
decreasing was more evident in anionic and nonionic surfactant ammended soik. 
The results of the movement of pestkddes in natural soils (ehited with distilled wato- and 
aqueous surfactant solutions at different CMCs) and in surfactants anunended soils (ehited with 
distilled wat^) were oqnessed in terms of I^ vahies (avmige values of tiiree replicates) and are 
summarised in Tables 5 -10. The movement of all the pesticides was greater in sandy knm soil 
ttian ttie loam or silt loam soils. This is due to the diffoences in the physico - chemical 
charactentics of the soils. On the basis of Rf values, (Tables S-10) the mov^nent of pestiddes 
follows ibe order : caibofuran > chlmpyrifos > endosulfan. The above order of movemmt is 
directly jvoportional to die aqueous solubilities, polarities and carbon numbers and inversely 
related to the molecular weights of die pesticides (Table 2). The results are in accordance widi 
the work of Gustafson and Paleos (1971) v^o repotted tiie effect of solubility, polarity, molecular 
wei^ts, structure and mmber of functional gro^>s of certain sohites on movement. 
When C.T.A.B. ammended soils TLC plates spotted witii pesticides were developed in 
distilled water, a significant increase in the movement of caibofuran and chlorpyrifos was observed 
at CMC and 2 X CMC ammended soils vMe tiiat of endosulfan has ^ e reverse trend (Table 5). hi 
case of 1/2 CMC C.T.A.B. ammended scnls a significant decease in Rf vahies of carbofinm and 
chloqpyrifos and a slight decrease of endosulfui was obsoved. Generally, a similar trend was 
observed when surfactant free sofl TLC {dates spotted with pesticides were duted widi aqueous 
C.T.A.B. sdution of different critical micelle (1/2 CMC, at CMC and 2 x CMC) concentrations 
(TaUe 6). The decrease in movement of pesticides in botii systems i.e., in surfactant ammoided 
vxk and m surfactant aqueous sohitions at 1/2 CMC ma^ be due to increase in adsorption of 
pesticides, because C.T.A.B. is cationic in nature and adsorbed (cation exchanged) by die soils in 
ttie form of hendmicdles / admicelles (West and Harwell, 1992). The increase in movement of 
caibofuran and chlc»pyrifos while e>q)eriencing a decrease in ttie movement of endosulfan at 
CMC and 2 X CMC ammended soils / aqueous C.T.A.B. sdutions is due to the differmces in the 
adsorptive capaaty of die pestiddes. The deo'ease in movement of endosulfan is due to its 
increased adsorption by C.T.A.B. mdecules / micelles, previously adsorbed mi soil surfaces. This 
mechanism is unfeasible for caibofuran and chlorpyrifos. The results are in accordance with the 
wQilc of Sanchez - Camazano et ai, (199S) \^ 1io studied the effect of difiCTOit surfactants on the 
mobility of diazinon, atrazine, metolactdOT and acephate in soiL 
On examinatitm of Table 7, there was no significant decrease in movemral of all tfie three 
pesticides whoi Tweon *20* was used as adsoibent at 1/2 CMC but beycmd flds concentration 
a significant increase in the RfVahtes was obsoved. A similar traid was observed wlien natural 
sofl TLC plates spotted witii pesticides woe duted in aqueous sohitions ci Tween '20' of 
different CMCs (Table 8). The decrease in movement of pestiddes at 1/2 CKfC may be due to 
the increase in adsorption of pesticides 1^ marked dispoHion of soil particles which increases the 
number of availaUe adsorption sites rather tfian an interaction between Twem '20' and pestiddes 
molecules. At CMC and 2 x CMC die pnq>oition of surfactant micelles adsorbed out of tiie total 
amount of die sohidon is much smaller than at 1/2 CMC. This may also occur ti Ugh surfactant 
concentration as die surfactant micelles can wmpeite and parify rq>lace the free peslidde molecules 
adsorbed on soil surface (Huggenberger et aL (1973). These mdecules would be incorporated 
into micelles in die sohition phase, decreasing pestiddes adsorption and inoeanig die movement 
Similar results were reported by Aronstdn et al. (1991) and Sun et al. (199S) vMs studying die 
effect of nonionic surfactants on adsorpdon, desorption, mobility and faiod^adation of 
faydrofrfiobic organic cim^ounds in soils. 
Using arnotuc surfactant (S.D.S) ammmded soils at diffovnt CMCs as static phase and 
distilled water as mobile jrtiase, the movonent of the pesticides studied incacased (TaUe 9) in 
the duee soils. A similar trend was observed ^ e n surfactant five soil TLC plates q;)otted widi 
pestiddes were developed in aqueous S.D.S strfutiQitt of differait CMCs (TiMe 10). This could 
be related to several mechanisms occuiing amuhaneously : 0) conq>etition for active l^ drofrfiobic 
adsorption sites on sml surface between pestiddes and S.D.S (ii) equilibria of S.D.S amor^ 
monomoB, micdles and hemirniceOes / adrmceUes (mQn<xnars adsorbed on sdl surface) Ctii) 
partitioning of pesticides among soil hydrophobic adsorption ates, S.D.S micdles (ie. 
sohibiKzation) and hemimicelles/admicell« formed on soil surfaces and (iv) interaction of 
pesticides widi S.D.S monomers. These results are in confcxmity with die work of sevn^ 
researchers (West and Harwell, 1992 ; Ziqtng et al., 1995 ; Vakaraj and Tfaa>odeaux, 1989 ; 
Jafvert, 1991 ; Lhi et al., 1991 ; Park and Jaffe, 1993) who reported die effects of certain anionic 
surfactants on the adsorption, partitioning and sohdMUzation of non - ionic oiganic c(»npounds. 
IV. CONCLUSIONS 
The results indicate tfiat behaviour of pesticides in soil - water systems with micelle fcmning 
surfactants depends on flie (i) nature of the surfactant Aether it is cationic, amcnuc and nonionic 
(n) degree of l^drophobicity or polarity of tfie pesticides, (iii) presence of ttw surfactants in soils 
and in ttie ehients and (iv) tfie surfactant concentrations employed, i.e. below CMC, at CMC and 
above CMC. Althou^ the increase in the appatoA water st^bilfty of faydrof^bic organic 
conq>ound8 is goieralty accepted, the effect of addition of surfactants in sol - wato* - pesticides 
systems on Ae partitioning of the pesticides is extrem^ con^ >l6X. Hie results obtained also show 
that the pestidde movement may increase or decrease depending on tfie particular pesticide, 
surfutant and its concentration. 
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TABLE 1 
Physico - chemical parameters of the soil 
Propertlet 
Texture 
Sand ( % ) 
Silt (%) 
Clay (%) 
Oiganic caibon ( 
CEC [ meq kg'] 
Surface area (m^ 
PH 
CaCO, ( % ) 
% ) 
'S) 
Aligarfasoil 
Alluvial sandy loam 
70.20 
22.80 
7.00 
0.33 
90.00 
77.41 
8.80 
0.25 
DohrabtoO 
Forst silt loam 
24.60 
56.90 
18.50 
1.25 
195.00 
200.64 
5.90 
6.00 
F.RI. sou 
Ifinioam 
49.93 
33.01 
17.06 
0.51 
246.00 
164.51 
6.90 
3.50 
TABLE 2 
Selected Properties of Pesticides 
Pestkides Structure Mokcnlerwcli^ S«lublltl7 in water 
temg/LirtlS'C 
Caibofiiran 
OCO.NHCH 
221.23 320.00 
S 
•I n N CPlOCHjCHa^ j 
Chlorpyrifofi ^ ^ r < ^ ^ 350.62 
:y~^. 2.00 
Endosulfan 406.96 0.33 
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TABLE 3 
Effect of plate angle on the penetrability ( K) when natural soils TLC plates were 
eluted in distilled water. 
C o i l * m— 
SOUS " 
Aligah sandy loam 
Dehradoon silt loam 
F.R.I. loam 
45* 
1.40 
0.66 
0.70 
Peoetnibilit7( K cn/mtn") 
iff 
1.17 
0.57 
0.62 
9flP 
0.94 
0.50 
0.54 
TABLE 4 
EfTect of ammendments of soils and mobile phases (water) with surfactants at 
varying CMC*s oa the penetrability of the soils. 
Sofls PenetrabOtty ( K cm / mln'") 
Natural toUs 1/2 CMC At CMC Ix CMC 
Aligaili sandy loam 1.40 
Dehradoon sih loam 0.66 
F.R.L loam 0.70 
Aligath sandy loam 1.40 
Dehradoon silt loam 0.66 
F.R.L loam 0.70 
Aligaifa sandy loam 1.40 
Dehradoon silt loam 0.66 
F.R.1. loam 0.70 
Aligaifa imiy loam 1.40 
Dehradoon sah loam 0.66 
F.R.I. loam 0.70 
Cationic surfactant (C.T.A.B.) used as adsorbent 
0.80 0.60 0.55 
0.48 0.45 0.40 
0.50 0.46 0.45 
Nonionic surfactant (Tween '20') used as adsorbent 
0.83 0.66 0.62 
0.66 0.53 0.45 
0.68 0.55 0.50 
Anionic surfactant (S.D.S.) used as adsorbent 
0.33 0.28 0.21 
0.26 0.23 0.20 
0.28 0.25 0.20 
Cationic surfactant (C.T.A.B.) used as developer 
0.83 0.66 0.60 
0.56 0.49 0.45 
0.62 0.54 0.50 
Nonionic surfactant (Tween '20') used as developer 
Abgarh sandy loam 
Dehradoon silt loam 
F.R.I. loam 
Aligaifa sandy loam 
Dehradoon sih loam 
F.R.Lk>am 
1.40 
0.66 
0.70 
1.40 
0.66 
0.70 
1.08 
0.58 
0.66 
0.78 
0.52 
0.55 
Anionic surfactant (S.D.S.) used 
1.13 
0.62 
0.69 
0.% 
0.52 
0.58 
0.64 
0.45 
0.50 
as developer 
0.78 
0.47 
0.50 
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TABLE 5 
Movement of pesticides in C.T.A.B. free and C.T.A.B. ammended soils of different CMCs 
when eluted In distilled water. Movement expressed in terms of Rr values. 
Peiddde* S« 
Cubofiiran 
LSD at 5 Vo Ls. 
SE(±) 
Chloipyiifos 
L.S.Dat5%L8. 
S E ( ± ) 
Endosul&n 
L.S.D.at5%I.s 
SE(±) 
rils 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Namral 
soUs 
Rf 
0.425 
0.30 
0.33 
0.024 
0.031 
0.325 
0.25 
0.28 
0.031 
0.018 
0.28 
0.20 
0.22 
0.032 
0.019 
CTAB ammended tMt at dHTerent CMCt. 
1/2 CMC 
Rf 
0.40 
0.25 
0.30 
0.045 
0.036 
0.26 
0.20 
0.25 
0.028 
0.015 
0.22 
0.18 
0.20 
0.045 
0.009 
At CMC 
Re 
0.43 
0.33* 
0.35* 
0.023 
0.025 
0.35* 
0.28* 
0.31 
0.056 
0.017 
0.19 
0.17 
0.18 
0.026 
0.005 
2zCMC 
Rf 
0.45* 
0.375* 
0.39* 
0.017 
0.019 
0.41* 
0.34* 
0.39* 
0.052 
0.017 
0.18 
0.15 
0.17 
0.045 
0.007 
L.SJ). 
at5% 
I.S. 
0.015 
0.026 
0.019 
0.019 
0.023 
0.059 
0.069 
0.028 
0.019 
S£.(±) 
0.009 
0.023 
0.016 
0.027 
0.025 
0.026 
0.019 
0.009 
0.009 
A = Ahgarh sandy loam ; B = Dehiadoon silt loam : C= F.R.I.loain. 
* Significant increase at 5 % Ls. 
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TALBE6 
Movement of pesticides in soils when distilled water and aqueous C.T.A.B. solutions of 
different CMCs were used as developers. Movement expressd in terms of Rr values. 
Pestlddes 
Carbofuran 
LSD. at5%l.s. 
S.E( + ) 
Qjloqjyrifos 
L.S.D. at 5% Ls. 
S.E.(±) 
Endosiilfin 
LSD. at 5% Ls. 
S.E.(±) 
Setts 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural 
sou 
0.425 
0.30 
0.33 
0.024 
0.031 
0.325 
0.25 
0.28 
0.031 
0.018 
0.28 
0.20 
0.22 
0.032 
0.019 
Aqueous CTAB solutions of dUIerMit CMCs. 
1/2 CMC 
Rf 
0.41 
0.27 
0.32 
0.026 
0.033 
0.31 
0.22 
0.27 
0.031 
0.021 
0.24 
0.19 
0.20 
0.021 
0.012 
At CMC 
Rf 
0.44 
0.34* 
0.36* 
0.028 
0.025 
0.36 
0.30* 
0.32* 
0.021 
0.014 
0.225 
0.18 
0.19 
0.056 
0.011 
2zCMC 
Rf 
0.50* 
0.39* 
0.40* 
0.013 
0.029 
0.475* 
0.35* 
0.40* 
0.069 
0.029 
0.18 
0.15 
0.16 
0.026 
0.007 
LJS.D. 
at 5% 
Ls. 
0.027 
0.029 
0.022 
0.050 
0.022 
0.026 
0.026 
0.029 
0.021 
S J : ( + ) 
0.017 
0.023 
0.016 
0.032 
0.025 
0.026 
0.018 
0.009 
0.011 
A = Aligaih sandy loam, B= Dehradooo silt loam, C= F.R.I. loam 
* Significant increase at 5 % l.s. 
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TABLE? 
Movement of pesticides in soils when Tween *20' free and Tween *20* ammended soils of 
different CMCs were used as adsorbents and distilled water as developer. Movement 
expressed in terms of Rf values. 
Pcstfdde* 
CaibofiiTan 
L.S.D.at5%Ls. 
S.E( + ) 
CWorpyrifos 
L.S.D.at5%l.s. 
S.E(1) 
Endosulfin 
LSD. at 5% Is 
S.E(+) 
Soilt 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural 
soils 
Rf 
0.425 
0.30 
0.33 
0.024 
0.031 
0.325 
0.25 
0.28 
0.031 
0.018 
0.28 
0.20 
0.22 
0.032 
0.019 
Tween '20' ammended colls of dtfferent CMCs. 
1/2 CMC 
Rr 
0.42 
0.29 
0.32 
0.023 
0.032 
0.30 
0.25 
0.26 
0.023 
0.012 
0.235 
0.19 
0.20 
0.028 
0.011 
At CMC 
Rf 
0.44 
0.35* 
0.37* 
0.013 
0.022 
0.38* 
0.33* 
0.36* 
0.026 
0.012 
0.30 
0.25* 
0.28* 
0.023 
0.012 
2xCMC 
Rf 
0.50* 
0.39* 
0.42* 
0.023 
0.027 
0.45* 
0.36* 
0.41* 
0.023 
0.021 
0.35* 
0.29* 
0.31* 
0.032 
0.014 
L.S.D. 
atSV. 
Ls. 
0.027 
0.026 
0.022 
0.022 
0.021 
0.028 
0.024 
0.026 
0.019 
S.E. 
(±) 
0.016 
0.020 
0.019 
0.029 
0.024 
0.030 
0.021 
0.020 
0.022 
A = Aligarfi sandy loam, B = Dehradoon silt loam, C = F.R.l.loam 
* Significant inoease at 5 % l.s. 
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TABLES 
Movement of pesticides in soils when distilled water and aqueous Tween '20' solutions of 
different CMCs were used as developers. Movement expressed in terms of Rr values. 
Pestiddes 
CaitwfiiTBn 
L.S.D.at5%l.8. 
S.E (±) 
Chloipyiifos 
L S.D at 5% 1. s 
S.E(t) 
Endosul&n 
L.S.D.at5%l s 
S.E.(±) 
Sotts 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural 
•ofls 
» f 
0 425 
030 
033 
0.024 
0 031 
0.325 
0.25 
0 28 
0 031 
0.018 
0.28 
0.20 
0.22 
0 032 
0 019 
Aqueous 
1/2 CMC 
Rf 
0.415 
0.28 
0.34 
0.035 
0 034 
0.315 
0.24 
0.28 
0.033 
0.018 
0.25 
018 
0.22 
0.026 
0.017 
Tween '20' sehrtiont tt tfflerent CMCc 
At CMC 
Rf 
0.45* 
0.38* 
0.40* 
0.026 
0.017 
0.42* 
0.375* 
0.40* 
0.031 
0.011 
0.325* 
0.26* 
0.28* 
0.024 
0.016 
IxCMC 
Rf 
0.50* 
0.40* 
0.44* 
0.021 
0.024 
0.48* 
0.40* 
0.43* 
0.026 
0.019 
0.425 
0.36 
0.39 
0.021 
0.015 
hS.D. 
at5% 
Lt. 
0.019 
0.026 
0.015 
0.025 
0.019 
0.016 
0.021 
0.26 
0.021 
S.E.(t) 
0.015 
0.026 
0 023 
0.034 
0.036 
0.034 
0033 
0 035 
0.035 
A = A]igarh sandy loam, B = Dehiadoon silt loam, C = F.R.I. loam 
* Significant increase at 5 % 1 s 
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TABLE 9 
Movement of pesticides in SJ).S. free and SD.S. ammended soib of different CMCs 
were used as adsorbents and distilled water as developer. Movement expressd in terms 
of Rf values. 
Pettiddef 
Carbofuran 
L.S.D.at5%Ls. 
S.E(±) 
Chloipyrifos 
L.S.D.at5%l.6. 
S.E.(±) 
Endosul&n 
L.S.D. at5%Ls 
S.E.(±) 
Soili 
A 
B 
C 
A 
B 
C 
A 
B 
C 
Natural 
soUs 
Rf 
0.425 
0.30 
0.33 
0.024 
0.031 
0.325 
0.25 
0.28 
0.031 
0.018 
0.28 
0.20 
0.22 
0.032 
0.019 
SDS ammened soils of different CMCt 
1/2 CMC 
Rf 
0.46* 
0.38» 
0.40* 
0.021 
0.019 
0.40* 
033* 
0.35* 
0.026 
0.017 
0.31 
0.25* 
0.27* 
0,021 
0.014 
At CMC 
Rf 
0.80* 
0.60* 
0.70* 
0.028 
0.047 
0.75* 
0.575* 
0.65* 
0.036 
0.041 
0.35* 
0.30* 
0.33* 
0.021 
0.012 
2xCMC 
Rf 
0.90* 
0.675* 
0.75* 
0.053 
0.054 
0.925* 
0.77* 
0.80* 
0.042 
0.039 
0.50* 
0.39* 
0.42* 
0.038 
0.027 
L.S.D. 
at 5% 
Ls. 
0.019 
0.038 
0.021 
0.034 
0.035 
0.033 
0.036 
0.026 
0.022 
S.E.( + ) 
0.104 
0.077 
0.091 
0.123 
0.103 
0.106 
0.042 
0.035 
0.037 
A = Aligadi sandy loam B = Dehndoon alt loain C^F.RI.Ioani 
* Sgnificant increase at 5 % L s. 
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TABLE 10 
Movement of pesticides in soils wtien distilled water and aqueous SJ).S. solutions of 
different CMCs were used as developers. Movement expressed in terms of Rr values. 
Pestlddes Soils 
CaibofioBn A 
B 
C 
LSD at 5% Is . 
S.E(±) 
Chloipyrifos A 
B 
C 
LSD. at 5% Is . 
S.E.(±) 
Endosul&n A 
B 
C 
L.S.D.at5%ls. 
S.E.(+) 
Natural 
Mttt 
Rf 
0.425 
0.30 
0.33 
0.024 
0.031 
0.325 
0.25 
0.28 
0.031 
0.018 
0,28 
0.20 
0.22 
0.019 
SDS aqueous solutions of differait CMCs. 
1/2 CMC 
Rf 
0.45* 
0.32 
0.35* 
0.026 
0.032 
0.34 
0.28* 
0.30 
0.026 
0.014 
0.265 
0.20 
0.21 
0.032 0.023 
0.017 
At CMC 
Rf 
0.48* 
0.375* 
0.39* 
0.041 
0.027 
0.38* 
0.30* 
0.35* 
0.013 
0.019 
0,34* 
0.29* 
0.31* 
0.021 
0.012 
2xCMC 
Rf 
0.75* 
0,54* 
0.56* 
0.026 
0.055 
0.79* 
0.69* 
0.73* 
0.013 
0.024 
0.41* 
0.325* 
0,37* 
L.S.D. 
at5% 
It. 
0.021 
0.035 
0.019 
0.018 
0.017 
0.026 
0.033 
0.028 
0.019 
0.023 
0.020 
SM±) 
0.065 
0.047 
0.045 
0.096 
0.089 
0.092 
0.029 
0.028 
0.033 
A = Abgadi sandy loam B = Dehiadoon silt loam C = F,R.I.l<»m 
* Significant increase at 5 % L s. 
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ABSTRACT 
Adsorption behaviour of endosulfan was investigated by batch shake technique in 
surfactant free and surfactant (cationic, nonionic and anionic) aqueous solutions of difTerent 
critical micelle concentrations (1/2 CMC, CMC and 2 x CMC) on three different Indian soils 
varying in physico - chemical and mineralogical composition. The measured equilibrium 
adsorption isotherms for surfactant free and surfactant - soil - water qrstems at different 
critical micelle concentrations were S-shaped and In close agreement of Freundlich 
isothenns. Higher adsorption of endosulfan in both systems was observed on silt loam soil 
followed by loam and sandy loam solte and was anticipated with Freundlich constant K and 
partition coefRcient Kp values. The K and KD values also confirm that endosulfan 
adsorption in aqueous surfactant solutions follows the order as cationic > nonionic > anionic 
at ail CMCs studied. The affinity of endosulfan towards organic matter and clay content of 
the soils was e '^aluated by calculating K«M <^<I KC values and it was found that endosulfan 
adsorption was better correlated with clay content than organic matter content The 
predicted log I C values were also calculated by using aqueous solubility, 1-octanol / water 
partition coefficient (Kow)) adsorbability index (AI) and first order molecular connectivity 
index (Ix) of endosulfan. Use of 1 -octanol - water partition coefficient (Kow) of endosulfan 
to predict adsorption gave values with considerable error in comparison with those measured 
experimentafly, but using aqueous solubility, adsorbability index (AI) and first order 
molecular connectivity index (Ix) of endosulfan, predictions were improved considerably. 
The results obtained are interesting in the sense that they afford basic data for the possible 
use of surfactants for solving problems of soil contamination posed by endosulfan. 
INTRODUCTION 
SoQ colloids are known to react with pesticides, affecting their solubility and biologica] 
activity in soil as well as environmental pollution. Several researchers [1-4] have studied the 
adsorption of pesticides on s<»ls in presence of aqueous sohidons. Some researchers [S-8] have 
worked out the adsotption of some hydrophobic oi^ ganic compounds ( HOCs) from non-aqueous 
solvents and solvent mixtures because in natural environment it is Kkety that pesticides adsorption 
on soils could occur in mixture of water and various miscible oiganic solvents and they applied the 
cosolvent theory [9]. Recently, in our laboratories [10-12] the adsorption of carboiiiran , 
cyperroethrin and endosulfan on soils in presence of different volume fractions of cosolvents 
( acetone and methanol) have been studied and cosolvent theoiy [9] was tested. 
Much attention has now been paid to the study of the effects of surfactants on the 
adsorption of some HOCs [13-16]. Numerous researchers [17-19] have investigated that the 
surfactants above their critical micelle concentration ( CMC ) oihance fte solubility' of HCX^ s / 
pesticides by partitionirig it into hydrophobic cores of surfactant miceOes and represent an 
important tool in chemical and biological remediation of contaminated soils and sediments. 
Surfactants may also impact microbial remediation of HOCs in soils by affecting the accessibility 
of organic compounds to microorgamsms [20]. There are veiy few reports in the Utoature on tfie 
effect of surfactants [21] on the movement of sndosulfan in soils, but adsorption of endosutfan in 
preiience of aqueous surfactant solutions of different CMCs is not available in literature. 
Hence, in the present investigation an attempt has been made to study the adsorption of 
endosulfan on soils in presence of aqueous cationic, nonionic and anionic surfactant solutions of 
different CMCs (1/2 CMC, CMC and 2 x CMC) by using batch adsorption technique. These 
studies will help in understanding the possible use of surfactants to solve pollution problems posed 
by endosulfan in soils. 
MATERULS AND METHODS 
Soil samples were collected from culti\'ated fields at 0 - 30 cm deptti with no background of 
pesticide application from village Lahrota of district AUgarh, village Doiwala and Forest Research 
Instimte Farm of district Dehradoon (U.P.) of India, respective^. The soils wen dried, stones and 
plant residues were removed and the soils were passed tiirough a 2 nun sieve before use. Their 
physico - chemical properties were determined by standard procedures and results obtained are 
summarised in Table 1. 
Endosulfan (3S% EC ; aqueous solubility 0.32 mg / L ; Kow ~ 3.55 ) was obtained from 
M^ 'S Northern Minerals limited Guigoan (Haryana) India. AH otiier chemicals and reagents were 
of BDH (AR) grade. 
A stock sohition of endosulfan of concentration 200 ^g/ml was prepared by dissolving 
requisite amount of endosulfan in methanol. Methanol was prefifered solvent, showed no edSect on 
surOtctant solubilization; most higher alcohols could not be utilize since they affect CMC vahie 
significantly. 
The cationic, nonionic and anionic surfactants viz., cetyl trimefliyl ammonium bromide, 
potyoxye1h)1ene soibitan monolaurate (Tween '20') and sodium dodecy! 8U )^hate were obtained 
from Central Drug House PvL Ltd. Mumbai, India and their properties were summarised in Table 
2. 
Adsorption studies : 
Batch equilibrium adsoq)tion isothenns of endosutfan on soils in presence and absoace of 
cationic, nonionic and anionic surfactants solutions of different critical nucefle (1/2 CMC, at CMC 
and 2 x CMC) concentrations were performed by taking ten concentrations of endosulfin (100, 
200, 300, 400, SOO, 600, 700,800, 900 and 1000 Mg) in 100 ml glass 8t(q)pered conical iasks. 
Total volume of each flask was made 20 ml by adding requisite volume of methanol and aqueous 
suifactaiit solutions of different CMCs. To these solutions 1 g of each soil was added and tiie 
suspensions were Icept at 25° C in an incubator for 24 hours with a shaking poiod of three hours. 
11)6 experiments were conducted in duplicate. Preliminaiy studies show ttiat there was no 
measurable increase in endosulfan adsorption on soils beyond 24 hours in presence and absence of 
surfactant sohitions of varying CMCs. The suspensions were then centrifuged at 10,000 rpm for 
10 minutes using Backman model 1 3 - 5 0 Ultracentriiuge and in tiie supematants endosulfan was 
estimated spectrophotometricaUy [22]. The amount of endosulfan adsorbed was calculated as tilie 
difl'eience between initial endosulfan concentration and tfie equilibrium concentration according to 
the following expression 
x/m - (Co - Ce) V / W ( 1 ) 
where x/m '\R tltc conccnuation of endosulfan in soil (^ tg/g), Co is the initial endosulfan 
concentration (pg/ml), C, is the final endosulfan concentration (pg/ml), V is tfie solution vohime 
and W is the wei^t of the soil 
Evaluation of adsorbability index ( AI ) and first order mirfecular connectivity index ( Ix ) 
of endosulfan : 
The adsorbabili^ index (AI) of endosulfan was evaluated from equation (2) by adding vahies 
of A and I shown in Table 4 as proposed by Abe et al. [23] 
Al = r A + 2:i ( 2 ) 
where A and I indicate tfie factors of the respective increasii^ and decreasing adsorbabilities of the 
atoms or functional groiqra in the molecule on to the soils from aqueous solutions and AI value for 
endosulfan comes out to be 6.20. 
The first order molecular connectivity index (Ix) of endosulfan was evaluated by substituting 
^ AI value of endosulfan i.e. 6.20 in equation ( 3 ) as proposed by Okouchi and Saegusa [24] 
\X = 1.16 AI-0.68 — ( 3 ) 
and value comes out to be 6.5 J 2. 
RESULTS AND DISSCUSSION 
Figures 1-3 depict the adsorption isotherms of endosulfan in surfactant free and surfactant 
( calionic, nonionic and anionic ) containing aqucoas sohitions of different CMCs by soik. The 
isotherms indicate that the greater amount of endosuifan was adsorbed by silt loam sdl followed 
by loam and sandy loam soils both in surfactant free and surfactant solutions of all CMCs. These 
results were attributed to the greater amount of organic matter, clay and CaCOs contents and 
surface area and lower pH in silt loam soil followed by loam and sandy loam soils (Table 1). 
Adsorption isotherms for botli die systems (ie. surfactant fr«e and aqueous surfactants scrfutions 
at varying CMCs) are S-shaped [25] indicating a low endosuifan • soil afGnity at low 
concentrations. The initial curvature concavity varies from soil to soil, it is smaller in silt loam soil 
with high organic matter content and higher in sandy loam s(»l with low organic matter content of 
this fraction. The S-shaped i&oth«ms also suggest that the adsorption of endosuifan was easier 
probably due to mariced localisation offerees of attraction over the ( >S = O) group of endosuifan 
leading to interaction with soil sites. 
In all the cases, the adsorption data were described by the emperical Freundlich equation 
log x/m = logK+l/nk)gCe ( 4 ) 
where K and 1/n are the constants relative to the afiinity of the adsorbent for the adsorbate and to 
the degree of curvature of the isotherms, respectively. The K values has dimension Mg *' ** ml^ * * 
g' while that of 1/n is dimensionless. In all the cases the coefficient of determinatiQn ( i^  ) was 
greater than 0.92. The values of K and 1/n for endosiilfan - soil combinations were estimated by 
the linear regression of the logarithm of tiie transformed data and vahies obtained are fisted in 
Table 3. The magnitued of K expresses tfie relative adsorption capacity for tfie adsoibate [26] for 
systems having comparable 1/n values and the extent or degree of adsorption [27], while the 1/n 
\'alue indicates the degree of linearity (1/ n = 1) between the solution equilibrium concentration and 
adsorption. Thus in addition to Freundlich constant K, it was considered appropriate to use 
distribution coefficient KD as measurement of soil adsorption capacity because it represents tfie 
relationship between the concentration of endosuifan in soils and that in equilibrium solution for a 
given equilibrium concentration. From the adsorption data the statistical average of &e distribution 
coefficient, KD for each soil in surfactant free and surfactant solutions of diJETerent CMCs was 
calculated fr^nn the relation 
L (x/m. Ce) 
Ki> = ( 5 ) 
r (CO' 
The values of KD cvaliiaied from above equation 5 arc tabulated in Table 3. The sequence of K 
and KD values ( Table 3 ) for the adsorption of endosulfan on soils was silt loam > loam > sandy 
loam, and confmned the above order of adsorption both in surfactant free and surfactant containg 
systems (Figs. 1-3). The K and Ko values also confinn that the endosulfan adsorption on soils was 
higher in presence cationic surfactant followed by nonionic and anionic surfactant solutions of all 
the CMCs studied. 
Effect of cationic surfactant 
The obserx-ed higher Freundlich constant, K and partition coefBcients, I^) vahies of 
endosulfan at low CTAB aqueous concentration i.e.at 1/2 CMC (Table3) show Aat Ae adsorption 
of endosulfan increases (Fig.l) than the surfactant free system for all the three soils studied. This 
increase in K and Ko values may be due to increased adsorption of endosulfan, because CTAB is 
cationic in nature and adsorbed (cation exchange) by the soils in the form of hemimicelle/ 
admicelle [2R]. A raariced increase in K and KD values in (CMC and 2 x CMC ) aqueous solutions 
of CTAB for soils show that endosulfan adsorption was markedly increases with re^)ect to 
surfactant free systems. Ttiis may be due to the fact that at higher concnetradons the amoimt of 
CTAB adsorbed by the soils must be greater than 1/2 CMC together with the fact that tfie 
adsorption capacity of CI AB in miceller form is greater than monomer form. Similar resuhs were 
repoted by Iglesies - Jimenez et al. [16] while smdying ttie effect of surfactants on pesticides 
adsorption in a soil - water system. The increased log Kon values for endosulfan at all CMCs of 
C TAB to that of surfactant irtc system for all the three soils (Table3) suggest that cationic 
surfactant can be used to promote hydrophobic organic compounds adsorption on soils. Similar 
conclusions were drawn by Wanger et al. [29] while studying the e£fect of dodec>i pyridiniim 
biomide on sorption and migration of chlorobenezenes on a low oiganic carbon aquifn- material 
Effect of nonionic surfaaant ( TMten '20') 
The adsorption isotherm data in Table 3 and the graph in Fig. 2 represent the endosulfan 
adsorption on soils in surfactant free and surfactant aqueous solutions of different CMCs. The 
addition of nonionic surfactant at low concentration (1/2 CMC) to Ae soil - endosxilfan • water 
systems gives rise to increased K and KD values (Table 3) with respect to surfactant free systems, 
show that the adsorption of endosulfan increases on all three soils studied (Fig. 3). This increase in 
endosulfan adsorption on soils probably due to the dispersion of soil particles by surfactant [30] in 
the adsorption experiments increasing the nimiber of available adsorption sites rather tfian to an 
interaction between surfactant and endoaulfan molecules. The presence of surfactant at a 
concentration equal to CMC and 2 x CMC, produces a significant decrease in K and Kp values 
(Table 3). shows a decrease in adsorption when compared with surfactant free systems (Fig.2). 
The decrease in adsorption ma> be due to the fact that at CMC and 2 x CMC, ttie proportion of 
surfactant micelles adsorbed out of the total amount of solution is much smaller than at 1/2 CMC. 
This may also occur at high surfactant concnetration as the surfactant miceDes can compete and 
partly replace the endosulfan molecules adsorbed on soil surface [31], These mc^ules would be 
incorporated into miceOec in tfie solution phase decreasing endosulfan adsorptkm. The resulta are 
in accordance with v/oric of Aronstein et al [32] and Sun et al [IS] who studied tiie efifect of 
nonionic surfactants on adsorption, desorption, mobility and Hodegradation of liydrc^hobic 
organic compounds in soils. The decrease in log K«n values for endosulfan at CMC and 2 x CMC 
with respect to surfactant free system for soils may be due to enhanconent of endosulfan 
sohibilisation at these concentration? while that of shght increase at 1/2 CMC may be due to 
dispersion of soil particles which increase tfie numbei of avaHaUe ad8(»p1km sites for endosulfan 
adsorption. The results arc in accoid&nce with the work of Sun et al. [15] i ^ o studied the 
scnption of nonionic organic compounds in soil - water system in presmce of micelle forming 
surfactants. 
Effect ofanionir. surfactant (SDS ) : 
Figure 3 depict the effect of aqueous aniotnc surfactant concentrations (1/2 CMC, CMC 
and 2 x CMC) on endosulfan adsorption on soils. At low concentration (1/2 CMC ) a slight 
increase in K and KQ values while that of at CMC and 2 x CMC a maiiced dscttasc in K and KD 
values with respect to surfactant free system (Table3) show that endosulfan adsorption was sli^tiy 
increased at 1/2 CMC and decreases markedly at CMC and 2xCMC aqueous SDS concentrations 
on soils studied. The increase in endosulfan adsorption at 1/2 CMC msy be due to fact that inspite 
of its anionic character, tlie SDS monomers are adsorbed by the soils in the fonn of hemimicelles / 
admioelles ( monomers adsotbed on soil surfaces ) which in tern retain ttie endosulfan molecules 
b>' hydrophobic bonding and increase the adsorption. A rapid decline in adsorption of endosulfan 
on soils at CMC and 2 x CMC may be due to the fact that at tfiese concentrations tiie SDS 
miceDes are fromed and sohibilisalion of endosulfan consideraUy increase due to partitioDing of 
endosulfan into SDS micelles. The decrease in log K«a, values with increase in aqueous SDS 
concentrations ( CMC and 2 x CMC ) witii respect to surfactant free sustems (Table 3) suggests 
^at SDS does enhance the endosulfan solubility in the studied suspensions and the afBnity of 
endosuifan to SDS tnicenes is higher then to the soils studied. The results are in confonrnQ^ with 
the work of several researchers [28,33-37] who studied the effect of certain anionic surfactants on 
the adsorption, parttioning and solubilization of nonionic oi^ ganic compounds. 
The afiSniW of the endosulfan towards organic matter content, K«IB and clay content, Kc, of 
the soils was evahiated by the equations proposed by Grestl [38] and later used fay Singh [11] and 
vahies obtained are listed in Table 3. These are flie impcntant panuneters to describe a significant 
role in environmental fate assessment of the organic chemicals. These parameters provide 
indication of the extent to which chemical partition occurs between the solid and solution phases in 
the soil indicate whether the chemical is likely to leach through the soil or be immobile. The 
affinity of endosulfan towards the organic matter and clay content of the soils was compared iising 
such K«Bi and Kc values. Sandy loam soil exhibited higher K<n, values followed by loam and silt 
ioain soils. This is common for soils with low organic matter content (Table 1). Hamaker and 
Thompson [39] suggest that this tendency was due to the fact that mineral phases may make a 
significant contribution to adsorption. In the present study, endosulfan adsorption could be 
correlated to a better extent with the clay content of the soils rather tfian the content of oi^ ganic 
matter, ahhou^ the latter is responsible for the h i ^ Kom values. Similar results have been reported 
by number of other workers [11,40]. 
Besides the experimental determination of log K«m values, the predicted log K«ai values were 
determined by the several researchers [24,41-47] by using die following equatioits such as ; 
logKo,„ = 
logK« = 
l0gK«a = 
logK^ = 
logKo,„ = 
k)gK« = 
logKan = 
logK«B = 
= 3.64-0.55 logs 
= - 0.686 log WS + 4.273 
^ 0.937 log Kow - 0. 006 
= log Kow-0.317 
= 0.544 log K<^  +1.377 
= 0.53. lx + 0.54 
= 0.53 . Ix + 0.62 
= 0.64 AI +0.16 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
where S,ts tiie water solubility in ug/ml, WS water solubility in mg / L, K«w, 1' octanol^atn* 
partitoion coefficients, AI tiie adsoihabihty index and 1% the first order molecular conneclivhy 
index of endosulfan, respectively. 
The predicted log K n^ values of endosulfan were evaluated by substituting the aqueous 
siJuilMlity, 1 octanol / water partition coefficient (Ko« X finrt order molecular coimectivity index 
8 
(Ix) and adosrbabflity index (AI) values of endosulfan in equations 6 to 13, and values obtained 
are summansed in Table 5. OT\ examination of Table 5 the log Km values obtained 1- octanol / 
water partition coefficient (K<„) of endosulfan were less than the observed log K<Kn values. 
However, when aqueous solubility, adsorbability index (AI) and first order molecular 
connectivity index (Ix) were taken into consideration the log Kcm values are very close to 
observed log Kom values. Therefore, the aqueous solubility, first order molecular connectivity 
index (Ix) and adsorbability index (AI) arc the better parameters for predicting the adsorption of 
endosulfan than thr aqueous solubility of endosulfan. 
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TABLE I 
Physico -chemical Parameters of the Soils 
Properties 
Texture 
Sand (% ) 
Silt (%) 
Oay (%) 
Organic carbon ( %) 
CEC [ meq Kg'] 
Surface area ( m* / g ) 
pH 
CaCO, (%) 
^^ ^^  ^ ^ ^^ __^ ^^ ^^ _^ __^ ^^ _^ ^^  
Aligariisoil 
Sandy loam 
70.20 
22.80 
7.00 
0.33 
90.00 
77.41 
8.80 
0.25 
_ , _ _ _ j • — . « • • • • • » . -r- - •• _<••• 
Doiwalasoil 
Silt loam 
24.60 
56.90 
1S.50 
1.25 
195.00 
200.64 
5.90 
6.00 
- - . . - . • • • - m M - - • « w w , , • . • • • • ^ W . L ._ 
F.R.L soil 
Loam 
49.93 
33.01 
17.06 
0.51 
246.00 
164.51 
6.90 
3.50 
1 ABLE 2 
Surfactants used and tiieir properties 
Surfactants Formula Nature M.W. CMC 
Cetyl trimethy! 
ammonuim 
broniide Ci9H,jBrN 
Sodhim dedecyl 
sulphate Ci2H:jNa04S 
Cationic 364.46 0.334 g/L 
Anionic 288.38 IMgfL 
Polyoxy ethylene 
sorbitan mono 
U^ urate Iwecn '20' Nonionic 1227.70 0.14g/L 
12 
T.\BLE3 
Adsorption parameUrs Tor endosulfan adsorption on 
surfactant solutions of different CMCs 
soils in surfactant frtc and aqueous 
Soils 
Silt loam 
loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Silt loam 
Loam 
Sandy loam 
Kc = 
CMCs 
0.0 
0.S 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
0.0 
0.5 
1.0 
2.0 
K X 
Parameters 
K 
79.43 
109.00 
138.09 
194.98 
41.68 
77.62 
91.20 
154.88 
28.84 
51.28 
83.17 
79.43 
93.32 
69.18 
45.70 
41.68 
6S.18 
34.67 
31.62 
28.84 
45.70 
15.84 
11.48 
79.43 
87.09 
41.68 
33.H 
41.68 
63.09 
31.62 
22.90 
28.84 
38.81 
13.80 
7.76 
1/n 
Cetyl 
0.94 
0.88 
0.88 
0.80 
1.00 
1.00 
0.96 
0.93 
L l l 
1.00 
0.87 
0.94 
0.92 
0.97 
1.04 
1.00 
0.91 
1.04 
1.04 
1.11 
1.10 
1.18 
1.20 
0.94 
0.91 
1.04 
1.04 
1.00 
1.00 
1.00 
1.00 
1.11 
1.08 
1.16 
1.33 
trimethyl ammonium bi 
0.97 
0.95 
0.93 
0.92. 
0.97 
0.96 
0.95 
0.92 
0.98 
0.98 
0.93 
Tween»20' 
0.97 
0.96 
0.96 
0.97 
0.97 
0.96 
0.97 
0.97 
0.98 
0.97 
0.98 
0.99 
66J9 
75.80 
88.95 
114.98 
51.61 
60J5 
69.43 
85.27 
40.29 
50.72 
68.66 
66J9 
71J1 
56.23 
46.17 
51.61 
56.84 
42.79 
30.84 
40.29 
45J8 
30.62 
23 JO 
Kc 
romide 
358.86 
409.73 
480.81 
621.51 
302.52 
353.75 
406.75 
499.22 
575.57 
724.57 
980.85 
33o«v0 
385.46 
303.95 
249.56 
302.52 
333.18 
250.82 
180.77 
575.57 
648.28 
437.43 
332.85 
Sodium dodecyl sulphate 
0.97 
0.96 
0.98 
0.99 
0.97 
0.96 
0.97 
0.97 
0.98 
0.97 
0.98 
0.99 
66J9 
68.46 
S3J9 
35.82 
51.61 
54.41 
28.91 
23.15 
40.29 
43.55 
23J1 
18.53 
358.86 
370.05 
288.59 
193.62 
302.52 
318.93 
169.46 
135.69 
575.57 
622.14 
333.00 
264.71 
_, 
K ^ 
3073.61 
3509.25 
4118.05 
5323.14 
5864.77 
6857.95 
7889.77 
9689.77 
7068.42 
8898.24 
12045.61 
3073.61 
3301J8 
2603.24 
2U7.50 
5864.77 
6459.09 
4862.50 
3504.54 
7068.42 
7961.40 
5371.92 
4087.72 
3073.61 
3169.44 
2471.75 
1685J3 
5864.77 
6182.95 
3285.22 
2630.68 
7068.42 
7640J5 
4089.47 
3250.87 
_ „ _ „ 
ioglC). 
3.49 
3.55 
3.61 
3.72 
3.77 
3.84 
3.89 
3.98 
3.85 
3.94 
4.08 
3.49 
3.52 
3.42 
3J3 
3.77 
3.81 
3.69 
3.54 
3.85 
3.90 
3.73 
3.61 
3.49 
3.50 
3J9 
3J2 
3.77 
3.79 
3.51 
3.42 
3.85 
3.88 
3.61 
3.51 
13 
TABLE 4. 
Adsoitabflity Index ( M ), According to Abe et al. (1986 ) 
A 
C 
H 
N 
O 
S 
CI 
Br 
NO2 
-C = C-
Isc 
Teri. 
Ovcio 
0.26 
0.12 
0.26 
0.17 
0.54 
0.59 
0.86 
0.21 
0 19 
-0.12 
- 032 
-0.28 
Aliphatic 
-OH 
- 0 -
-CHO 
N 
-COOR 
>c = o 
- COOH 
Aromatics 
- OH, -0-, N,« 
(alcohols) 
( chtCTS ) 
( aldehydes) 
(amines) 
( esters) 
(ketones) 
(fatty acids) 
• COOR, > C = 
a - Amino acids 
I 
O.-COOH 
-0.53 
-0.36 
-0.25 
-0.58 
-0.28 
-0.30 
-0.03 
0 
-1.55 
14 
TABLES 
Comparison of the predicted log Kom values otHained from equations (6'13) with average of 
experimentally observed log K*^  of endosulfan adsorption on sofls. 
Average of 
Experimental 
logK«„ 
3.70 
Predicted 
logKco, 
3.67 
4.37 
3.08 
3.23 
3.30 
3.99 
4.07 
4.13 
A 
-0.03 
-0.67 
0.62 
0.47 
0.40 
-0.29 
-0.37 
-0.428 
%Error 
•0.81 
-18.10 
16.75 
12.70 
10.81 
-7.84 
-10.00 
-11.56 
A = Experimental log Kom - Predicted log K„„ 
Predicted log K«B 
% Error - [ 1 x 100 ] 
Experimental logKoa 
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